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PREFACE 


M ost of the essays here reprinted were first published in 
the Daily Worker, for which I write a weekly article on 
some scientific topic. The five on dialectical materialism were 
published in the Labour Monthly. “I was a Biometrician”, and 
“The Universe gets less Mysterious” appeared in the New 
Statesman, “The Laws of Nature”, “Cleomenes and Christ”, 
and “The Argument from Design” in the Rationalist Annual, 
and “How to write a Popular Scientific Article” in the Journal 
of the Association of Scientific Workers. The places of publica- 
tion of others are acknowledged in the body of the book. 

They cover a wide period of time, and some of them are no 
longer topical. I hope, for example, that the article on “Air 
Raid Noises” will be whoUy out of date by the time this book 
is published. I have changed my opinions since some of them 
were written. If I had not this would merely prove that I had 
ceased to learn from experience. I have also made some mis- 
takes as to what was likely to happen. It would obviously 
have been unfair to correct them after the event. 

But even when air raids are no more than an unpleasant 
memory, they will furnish a ’more vivid exposition of some of 
the principles of probability than does the drawing of black- 
and-white balls from bags. And though Lord Birkenhead is 
dead, it is worth pointing out that a Lord Chancellor can be 
dishonest. 

If some readers complain that I have not covered so wide a 
field as in former books, my excuse must be that some of the 
most interesting developments of science are official secrets, 
and that the flow of scientific publication has been greatly 
diminished by the war. But the war has at least convinced 
hundreds of thousands of people that they must take science 
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seriously. And an appreciable fraction of these believe, with 
me, diat scientific method can be appUed to history, economics 
and pohtics. My main object in pubhshing this volume is to 
increase their number. 

J. B. S. HALDANE 


October 1944. 
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How to write a Popular Scientific Article 

M ost workers desire to spread a knowledge of, 

their subject and to increase their own incomes. Both 
can be done by writing on science for the general public. 
If one can sell tne article abroad, one can also be an “invisible- 
export”. In what follows I shall give some hints on how to 
do it But let no reader suppose that my method is the 
only one. Literary synthesis is nke organic comical synthesis. 
The method to be adopted depends on the product required, 
the raw materials, and the apparatus available. As my brain is 
my apparatus, and different from yours, my methods will also 
differ from yours. 

The first thing to remember is that your task is not easy, and 
will be impossible if you despise technique. For literature has 
its technique, like science, and unless you set yourself a fidrly 
high standUrd you will get nowhere. So don’t expect to 
succeed at your first, or even your second, attempt. 

For whom are you writing? This is even more important 
than the choice of subject. For you will not get an article on 
the history of 18th-century physics into a daily newspaper. 
The Times is unlikely to publish a sympathetic account of 
Soviet work on mineralogy, nor the Daily Worker a highly 
commendatory report on cotton breeding in the Britisn 
Sudan.* Moreover the length of your artiae will depend on 
where it is to be published. 

Now for the subject matter. You may take a particular 
piece of research work, or a particular application pf science. 
Or you may choose some general principle, and illustrate it 
from different branches of scientific work. For example an 
excellent article could be written on fiuitful accidents. Priest- 
ley broke a thermometer, and the fete of the mercury firpm it 
led him to the discovery of oxygen. Takamine spiued some 

‘ The Tims has since changed its policy. But unfortunatdy die ^udan 
is sdU some way behind(Peni, the U.S.A., the U.S.S.R. and die West Indies 
in cotttm breeding. 
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ammoiiia into a preparation from suprarenal glands, and 
crystallized out adrenaline. Pro^bly you will do better to 
begin on some more specialized topic, uidess you are a student 
of die history of science. 

Remember that your treatment of it must be highly selective. 
So £ir you have probaUy written two main types of article. 
Htsdy answers to examination questions in v^hich you tried to 
show how much you knew about some topic. And secondly 
scientific papers or technical reports which dealt very ex- 
haustive with a small point. Now you have to do something 
quite dif^ent. You are not trying to show off; nor are you 
aiming at such accuracy that your readers will be able to carry 
out some operation. You want to interest or even excite 
them, but not to give them complete information. 

You must therefore know a very great deal more about your 
subject than you put on paper. Out of this you must choose 
the items which make a coherent story. A number of the. 
articles which are submitted to me fiom time to time are far 
too like examination answers. They give the impression that 
the author has looked his subject up, and tried to give a con- 
densed summary of it. Such a summary may be all very well 
in a text-book, but will not hold the attention of a reader of 
popular articles, who does not contemplate severe intellectual 
exertion. 

This does not mean that you must write for an audience of 
fools. It means that you must constandy be returning fiom 
the unfimilur. fiicts of science to the familiar fiuxs of everyday 
experience. It is good to start fiom a known fict, say a bomb 
esqplosion, a bird’s soi^, or a cheese. This will enable you to 
illustrate some sdentiJ^ principle. But here again take a 
femi l i a r analogy. Compare the prodiution of hot gas in the 
bomb to that of steam in a ketde, the changes which occur in 
the bird each year to those which take place in men once in a 
lifetime at pu^rty, the precipitation of casein by calcium salts 
to the formation of soap suds. If you know enough, you will 
be able to proceed^to your goal in a series of hops rather than a 
single long jump. ‘ 

u you try to write an article in this way, you will probably 
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discover yoor own ignorance, cspedaBy of quantitative 
matters. How complc^y do a robin’s gonads revert to an 
conation in autumn? How much more calcium is 
there in milk than in Lotuion tap water? "What is the maxi- 
mum temperature in an exploding bomb? It may take you 
twelve hours’ reading to produce an intellectually honest 
article of a thousand words. In 6ct you will have to educate 
yourself as well as your public. 

When you have done your article, give it to a friend, if 
possible a fairly ignorant one. Or put it away frir six months 
and sec if you stifl understand it yourself. You probably 
find that some of the sentences v^ch seemed simple when you 
wrote them, now appear very involved. Here are some hints 
on combing them out. ' (Remember, by the way, that I am 
only giving my personal opinions. Prof. Hogben writes 
sentences longer tl^ some of my paragraphs, and his. books 
sell very well, as they ought to.) Can you get in a full stop 
instead of a comma or a semicolon? If so,, get it in. It gives 
your reader a chance to draw his breath. Can you use an 
active verb instead of a passive verb or a verbal noun? If so, 
use it. Instead of “It is often thought that open windows arc 
good for health’’, or “There is a widespread opinion that open 
windows are good for health,’’ try “ Many people think that 
open windows are good for health’’. Or “Most people*’, if 
you think that is the case. 

Try to make the order of the jdirases in your sentence 
correspond with the temporal or causal order of the frets with 
which you deal. Instead of “Species change because of the 
survival of the fittest” try “The fittest members survive in each 
generation, and so a species changes”. ' Not that I like the 
phrase “a species changes”. It would be better to say “the 
average characters of the members of a species, such as weight 
or hair-length^change”. Of course in the history of scicntiJSc 
discovery an effect is commonly known before its cause. And 
frirly often a mathematical theorem is known to be probably 
true before it is formally proved. If you enunciate your 
theorem befiire you prove it you are apt to give the impre 3 sioi|^ 
as Euchd does, that you are producing rabbits from a hat. 
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Wliereas if yon lead up to it gentty you create less impression 
of devexness, but your reader may ftnd your argument much 
easier to follow. 

La a sd^ntific, and still more, a mathematical paper, dbgance 
of presentation, whidx often means the hat-and-raohit method, 
is always great fon, and sometimes desirable. How delightful 
to produce some wholly imezpected fonction at the last 
moment by contour integration, to damn a suggested mechan- 
ism by an appeal to Heamshaw’s theorem, or to label a plant 
which won’t breed true as just another case of balanced lethals. 
By doin^ so you may help the serious student to short cuts in 
thinking. But you will merely dazzle the, ordinary reader. 
Go slow, and show him as many steps as you can in your 
argument or causal chain, even if, in your own thinking, you 
skip some of them or take them backwards. 

When you hjvc written your article it may seem rather 
gaunt and forbidding, a catalogue of hard &cts and abstract 
arguments. A critic may say it needs padding. I object to 
padding for padding’s sake. It is characteristic of writers who 
are more interested in their style than their subject matter, such 
as Charles Lamb or Robert Lynd, but out of place in a scientific 
article. On the other hand you must do what you can to help 
your reader to link up your artide-with the rest of his know- 
ledge. You can do this by referring to fimuliar fiicts or to 
familiar literature. I have been severely criticized for “drag- 
ging in’’ references to Marx in my articles in the Daily Work^, 
mough I think I refer to Engw more feequently. But a 
number of my readers are femiliar with the worla of these 
authors. Engds said certain things about change, as Heraclitus 
said very similar things before mm, and Bergson and W^te- 
head afi^ him. But for one of my readers who has read 
Heraditus, Bergson, or 'Whitehead, a hundred have read 
£ngds,solpretotodtehim. If I were lecturing on the same 
matters to classical scholars I diould perhaps dte Heraclitus, 
even though 1 think Engels said it better. 

I9 my last book on genetics,^ there are seven quotations firom 
l^ante’s Divine Come^. I have been criticized for “dragging 
* New Pttdtt in Genetia. Alim and Unwin, 1941. 
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in” Dante. But I diink it worth while to ^ow the continuity 
of human tiiot^t. 1 don’t s^ee with Dante’s theory that 
mutations are due to divine providence, but I consider it 
desirable to ppint out that he had a theory on this subject. I 
diitilc that popular science can be of real value by emphasizii^ 
the unity of unman knowledge and endeavour, at their best. 
This €tct is hardly stressed at all in the ordinary teaching of 
science, and good popdar science should correct this ^dt, 
both by showing how science is created by technology and 
creates it, and by showing the relation between sdentmc and 
other forms of tnot^ht. < . 

A popular scientific article should, whete possible, include 
some news. I try, as a general rule, to include one or two £u:ts 
which will not be fiuniliar to a student taking a university 
honours course in the subject in question, unless his teachers 
keep well up with the periodical literature. As there is often 
a lag of five years between the publication ofa discovery and its 
inclusion in a textbook, this is not very difficult in peace time. 
But it is not very easy at present, in view of the number of 
libraries which have closed down, and the absence of many 
European and some American periodicals. Of course some 
care is needed in appraising new work. A very large number 
of alleged discoveries are not confirmed by subsequent workers. 
One well-known English popularizer of science has a perfoct 
genius for picking out discoveries of this kind for announce- 
ment to the public. If,, like myself, the writer is actually 
engaged in research, and has seen a number of his own bright 
ideas go west, he is less likely to fill into this particular trap. 

In the early stages of popular writing it is well to write out 
a siunmary of the article, mough I rarely do so myself Here 
is a possible skeleton for an article on cheese. 

Introduction. A well-known fict, say the shortage of cheese.* 

Central theme. The process of cheese tnanufiicmre. 

Why it is important. Cheese as the cheapest food containing 
large amounts of “good” protein. Vitamins and calcium in 
che^. 

Connections with other branches of science. Rennet compared 
s This has lessened since this aidde was written. 
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with other cnxyne prcparatkms used in industij, e.g, in 
cot^ctionedry aw tanning. Other uses of spednc mkro- 
orgaiiisms» e.g. in brewing. Why putrkl cheese is safer dian 
putrid meat. 

PrMkal s$^esH<m. How to increase our cheese output. 
Comhatii^ masthis in cows. Cattle feed and fertilizers, 
^ould cargo space be devoted to cheese rather than meat? 
Need for scientific planning of national ft>od supply.. , 

How much of this you can get in depends on the lengda of 
your article and your capacity for compression. If you are 
writing for a highbrow journal you may quote the passages 
on cheese from Euripides* Cyclops^ if for a lowbrow, any of die 
jokes about the smeU of cheese. 

That is one way of doing it. But other writers would show 
cheese as part of foe Mysterious Universe. We do not under- 
stand protein synthesis, nor foe extreme specificity of some 
enzyme actions. Cheese-making is part of foe prc-scdentific 
activities by which we sdll keep a communion with nature. 
Cheese is a natural food, and beef is not. And so on. I think 
this is an anti-scientific attitude. But you can sell foat sort of 
stuff, and get over a certain amount of genuine knowledge 
while doing so. Everyone must write popular scientific 
articles in his own way. I have only described one way, and I 
do hot claim that it is foe only way, or even foe best possible 
way* 



1 am not a Magician 

AMONG the letters which I receive from readers are a 
large number asking advice on matters of health, and 
others nming suggestions concerning aerial defrnce. I am 
hardly ever able to give a satisfectory answer, and no doubt 
my correspondents form a low opinion of my powers. 

This is because they expect the impossible from me. That 
is not their fruit, but that of the people who write the scientific 
books and articles which they read. The heroes of popular 
“scientific” romances mvent machines with which they destroy 
whole armies, lead expeditions to Mars, or create Uving beings 
out of laboratory chemicals. 

Mr. H. G. Wells bears some blame for this state of affidrs. 
A generation ago he did a great deal to popularize science; 
But in doing so he told some wildly improbable stories. Mr. 
Cavor produced a substance which would screen off gravita- 
tion, and reached the moon on his first attempt A chemical 
change in the atmosphere made everyone behave sensibly. A 
single air raid across the Atlantic almost wiped out New York, 
and so on. What is wrong in such stories is that they are 
ideahstic. Once you get the right idea, it is supposed that you 
can achieve stupendous results very quickly. As a matter of 
fret sdmee never advances in this way. A new idea, like the 
theory of chemical atoms, of natural selection, or of relativity, 
may make what is miscalled an intellectual revolutiooi, that is 
to say change the ide&s of a frw thousand specialists. 

But even the intdlectual changes take a long time to reach 
the masses. Darwin published his dieory emhty years ago, 
but it is not yet taught in British elements^ schools, though it 
is in those of the^oviet Unirai. Very few non-specialists 
understand the theory of relativity, though (he “special 
theory” as it is called, is not very diffeuk. 

And the practical afmlkafion of science generally takes a long 
time, partly because of the great diffidences between laboratory 
and fretory practioe, and partly because of the oppoiitimi of 
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vested interests. A chemist may be quite satisfied if be gets 
some new substance in a twentieth of the amount which is 
theoretkaJly possible. It is much better to waste some of the 
materials from which he starts, rather dian spend a year in 
determinii^ what conditions give the behest yield. But this 
is very necessary if the chemi^ is to be made on a large scale. 
Moreover die best method in a laboratory is not necessarily the 
best in a fiictory. 

In a physical laboratory a researcher is delighted if he finally 
gets an apparatus to work, either to demonstrate a new prin- 
ciple, or to measure something more accurately than before, 
after many months of experiments which did not give satb- 
fiutory results. Later on the apparatus may generally work 
when it is meant to, but may require several days recondition- 
ing afier each time it is used for an hour. It has takoi half a 
century to make X-ray apparatus which will work as regularly 
as an ordinary photographic camera. 

A biologist working with a strain of mice whose females 
develop cancer of the breast in old age is able to reduce the 
frequency of cancer to a small fraction by feeding them from 
birm on milk of a non-cancerous strain. But we do not know 
if the same principle holds for hiunan cancer, nor are we likely 
to fbr many years. And if we did, it would take several 
generations to apply it in practice. 

The “pure” scientist in his laboratory is sometimes an 
extremely skilled manual worker, making his own apparatus. 
Sometimes he employs a skilled worker to make it for him. 
But d^ apparatus is often very fragile, and wholly unsuited for 
fectory work, let alone use by uiukilled people. The applica- 
tim of science is at best a prolonged social process. In many 
fcams of society it is difficult or impossible. In primitive 
societies it is opposed by custom, often with a magical sanction. 
In die Middle Ages it was opposed bodi«by die persecuting 
church and the monopolistic guilds. 

Today it is very often opposed by monopoly capitalism. If 
I found out how to make diamonds tomorrow I should find it 
very hard to put my method into operation. If I wanted to 
maix a fortune, my best plan would be to sdl it to the diamtmd 
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monopoly, who would promptly suppress it to save tbdr 
mines from ruin* New methods are promptly applied i£ and 
only iC they mean quick profits, and some capitalist can be 
persuaded that they do. 

Another thing which my correspondents do not realize is 
fiiat science is almost always quantitative.’ It depends on 
measuring, weighing, and cougiting. Now if I am asked a 
biological question which involves numbers, I can sometimes 
answer it at once, because I have been thinking in’ numbers 
about hving things for thirty years. If you ask me how much 
vitamin would have to be added to our bread to suffice us 
for a year, I can make a rough guess at the answer. I can also 
estimate how much arsenic enemy planes would have to drop 
into the London reservoirs to poison us (and it is a very large 
amount), or whether there is a danger of suilbcation in a 
particular shelter. I can do this because I have made thousands 
of calculations on such matters. But I am asked questions as 
to the possibility of keeping off bombs with wire nets, or 
stopping bombers by letting loose dust, wires, or chemicals 
which would cause “knocking” in t^eir cylinders. 

I Could make the necessary calculations, or some of them, in 
a few hours or days, if I had the available time, though I should 
also waste a good deal of time in hunting up the necessary 
figures in libraries. Having made them I could be in a position 
to say dtho: “This is worth Allowing up”, or “This would 
need bullions of tons of material to stop one air raid”. But a 
physicist, chemist, or engineer with the right qualifications 
could do the same sums roughly in a few minutes, and accur- 
ately in an hour. I know enough physics to understand the 
principles involved, but I haven’t got the numbers at my 
fingertip. 

Still Icfss realistic are some of the people who write about 
their health. I would sooner tike the opinion of a very 
second-rate doctor who had actually examined me than of 
world’s finest physician who had merely read a letter about njy 
symptoms. For example headache may be due to eye iprain, 
digestive trouble;, kidney disease, or brain tumours, to take 
cmy a few examples. A doctor nuy give the wrong dia- 
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gliosis, but I certainly can’t put him r^ht firom a distance, and 
could ntM; do so no matter what were my qualifications. 

A &w medical questions cm be answered firom a distance, 
largdy because normal people’s needs of fi>od, oxygen, and so 
on, are much the same, and because a certain d^ee of over- 
crowding and dirt are bound to lead to some cases of disease. 
But in a grossly overcrowded shelter, thoi^h one can be sure 
tiiat some people will fidl ill, one cannot say which particular 
pers<m vdll do so. . 

If children wee taught science in rektion to their daily 
live and the work which they would probably do when 
grown up, my correpondents would realim these fiicts. But 
they learn their science firom books, or at bet fi-om very 
artificial laboratory experiments. And it is no wonde that 
they attribute to me the qualitie, not of a scientist, but of a 
magkiaai. 



Lord Birk^oliead improves his Mind 

I OPENED Lord Birkenhead’s book The World in 2030,^ 
with pleasant anticipations. “Here”, I hoped, “I shall not 
be bored by a catalogue of possible improvements in engin- 
eering and medicine, but I shall be able to study the views 
of one of the acutest minds of our generation on me future of 
pohtics and law, of both of which professions he has-been an 
ornament.” I was early undeceived. In the prefece he 
dashed my expectations to the ground by the statement that* 
“ofall branches ofhuman knowledge, law and pohdcsa^e . . . 
just the two that are least likely to sustain profound modifeca- 
tion”. His lordship may be correct, though I venture to dis- 
agree with him for the following reason. Until recently 
experts in two subjects only have enjoyed a pre-eminent 
advantage in the field of poUtics. These subjects were law 
and war. The power of the poUtical lawyer has tended to 
formalize politics and to spread in poUtical circles the tenet 
that: 

The law is the full embodiment 
Of everything that is excellent. 

Today new types of expert are coming to the top in poUtics. 
For example, the President of the United States ^'is an engineer. 
The decline of the lawyer-poUtician is likely to have radical 
efiects on law and poUtics aUke. 

I read fiirther, and a strange feeling began to empress me. 
Certain of the phrases seemra oddly femuiar. 'Wh^ h^ I • 
seen them before? Finally I solved the mystery. They were 
my own. Here are some parallels between the two docu- 
ments, of which B is the work under review, while H repre- 
sents Daedalus or Possible Worlds by myself. 

‘ The World in 2030, by the late Earl of Birkenhead. Hodder &Stoughton 
las.^ 

* At duK tiine)&d>ax Hoover. 


*3 
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B. Tlie Cambtulge biolomts H. Ferguson . . . who in 1957 
bred and aocHmadzed a produced a lichen -udiich had 
lichen which bound the bound .the dtifiing ssmd of 
shifting sands of the world’s die world’s deserts. . . . 
doerts, and made rhem fiit 
for cultivation. 

B. After the riots and dvil dis- H. They certainly succeeded in 
turbances caused, in 2010, by producing the most violent 
the introducdon of state- opposition. . . . (There was 
supported ectogenesis in even a rebeUion in Nebraska.) 
Nebraska. . . . 

• 

'B. They are minute bodies, so H. ^ we magnified a hen’s egg 
smtdl that, if a hen’s egg to the size of the world . . . 
were magnified to the size of we could still get a gene into 
the world, one of the genes a room or even on to a small 
in it would he on a fair- table, 
sized writing-desk. 

The resemblance becomes more striking when I add that 
the first two pairs of excerpts are both from essays supposed to 
be written by undergraduates, the one in 2030, the other in 
1978. Altogether I counted forty-four coincidences between 
the two documents, though I dare say the list is not complete. 

Applyinig John Stuart Mill’s method of agreement I formed 
the hypothesis that the documents B and H were causally 
connected, and noted that H was the earlier of the two. I 
have formed three provisional hypotheses to explain the fiicts; 
(o) Lord Birkenhead and I both had access to the same original 
document, t This could perhaps be reconstructed, like Q, on 
' which Saints Matthew atm Luke (I make the comparison in all 
reverence) are said to have drawn, {b) We were both con- 
.troUed, when in a state of trance, by the same discamate intelli- 
gence. In my own case this is extremely plausible. I am in 
the habit of ingesting substances, such as calcium chloride, 
which temporanly amxt the fimetions of my brain, and a 
/’control” might well take advantage of suen a condition. 
But it would be a tragedy if so brilliant a brain as Lord Birken- 
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head’s wexe mterfoed -with in any such numnor. Howeva, I 
am sute that his lordship has never even tasted cakium chloiide. 
Perhaps he is more psychic than I. (c) Lord Birkenhead -was 
guilty, I -will not say of plagiarism, but of a certain lack of 
or^ix^ty. I unhesitatingly reject this hypothesis, because it 
carries -with it corollaries -which I find unthinkable. Mr. 
G. K. Chesterton -would have had some justification for 
-writing the odious lampoon whose final lane, “Chuck it. 
Smith , I blush to transcribe. And it would be possible to 
minimize the loss which the Unionist party has sustained 
through Lord Birkenhead’s retirement fiom active 'politics. 
Even on this obviously ridiculous theory, there would, of 
course, be no infiingement of copyright. The law is dear 
that when' suffident skill and labour are applied copyright is not 
infihiged, and Lord Birkenhead’s legal acumen would have 
gauged the necessary efibrt -with the utmost nicety. 

Adopting, as the least improbable, hypothesis (b), there 
would seem (as is so often the case -with such psychic phcno- 
moia), to be an occasional fidlure in transmission. “Copper’’, 
we learn from B, “conducts electricity incomparably better than 
any other metal’’. In fiict, aluminium is a better conductor, 
wdght fijr weight. “If intra-molecular energy.be tapped and 
utilized, the same state of a£drs (unlimited supply of power) 
would arise.’’ Intra-molecular energy is today tapped and 
utilized in almost all high explosives. From the pen of a 
director of Imperial Chemical Industries such statements would- 
be surprising. From that of a medium they are not. 

But it is in the sphere of law and history that the imper&c- 
tions (inevitable in such supernormal manifestations) are most 
striking. “As equal dtizens of the Empire, Saxon, Celt, 
Semite, Mohammedan, Hindu, Chinaman, and Maori share 
similar r^hts and are subject to equal responsibilities.’’ The 
control may well have b^ved this. A former Lord Chan- 
cellor and Secretary of State for India m^ht perhaps have 
been cognisant of the existence, in that portion of the empire, 
of two highly complicated systems of dvil law, defining the 
tights and duties of Hindus and Mussulmans as stnh. 'The 
Roman Empire, however, stood and fell -with Rome. The-dty 
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Tms the only bean o£ the Etapiix,” It is uo&arttmate tbnthe 

cmtroJ bad not learnt the snnemonic: 

■llie Empetot Axcadius 

lived outade the four-mile radius, 

Which made it very laborious 

To go and dine wim the Emperor Honorius. 

If so, he, she, or it would have remembered that the Eastern 
portion of the Roman Empire, of which Constantinople 
harmed the heart, was separated from the Western before me 
611 of Rome, and survivM that 611 by nearly a thousand years. 

Between the psychically inspired passages there are portions 
— ^in one case of no less than twenty-three pages — ^which 
appear to be originaL There is a eulogy of the tank, some 
tMd anti-Frenth propaganda, one quite bright remark about 
the League of Nations, some anti-frminism, and just at the 
end, eight quite amusing pages on the application of psy- 
chology to law and politics, which go some way to belie the 
statement which I have quoted from the introduction. There 
are, it must be admitted, some curious gaps. One may not 
like Bolshevism or Fascism, but a prophet who ignores both 
in his consideration of tyorld politics might be thought, by a 
captious critic, to be limiting nis oudook unduly. 

Whether these original passages are worth twelve shillings 
and sbcpence I will not attempt to decide. But if readers of the 
book should answer the question in the negative, one consola- 
tion will remain with them— Lord Birkenhead has made the 
acquaintance, whether from the document Q or from a dis- 
carriate intelligence, with some popular science. And no 
doubt this has improved his mind. 


Note 

This review was published in the Week-&id Review in 1930, 
and has also been r^inted in The WeekrEnd Calender (Geo&ey 
^kt). 1 g^riat it here because it has some historical interest, 
arid -because the iticidene was one of many vhich woke me 1^ 
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to the remarkable £J 1 in the moral standards of the HrtriA 
ruling class, which has occurred in the last generation. The 
law of libid prevoits me fi-om mentioning most of the .others. 
Given- Lord Birkenhead’s record, I should not have been 
surprised at his attempting to make a fortune “by soxne great 
base mean”, but I was surprised that a formo’ Lord Chancellor 
and a Lord of Appeal should make a few hundred pounds by 
petty pil&ring of another man’s literary property. I should 
not be so surprised now. But since 1930 I have become a 
Marxist, and I must thank Lord Birkenhead and Adolf Hitler, 
among others, for making me one. ' 


C 



A Banned Broadcast (1934) 

D ean INGE, Sk Norman Angell and Lord Beavorbrook 
have told you some of th^ causes of war, but not alL 
Dean Inge dealt mostly with psychcdogical causes; the other 
two, who didn’t quite ^ree, with political causes. I am 
going to deal with the technical and economic side. It may be 
true that hate and £sar are the root causes of war, but we shan’t 
get rid of them in our time. If I were asked about the causes 
of fires in houses, I shouldn’t tell you that the main cau% 
was oxygen in the air, because that is outside our control. I 
should tdk about the use of too much wood in building, about 
carelessness with matches and cigarettes, and lastly about our 
system of insurance, which makes fires a source of profits for 
some people. 

Ihe first thing to get hold of is that the British Common- 
wealth is extremely powerful in attack, but is also extremely 
vulnerable. We could attack any nation with a sea coast. 
But we are vulnerable to blockade or air raids. Whereas the 
Soviet Union, for example, is not so strong in attack, but 
probably stronger in defence. Now this m^es for war for 
two reasons. It makes other nations fear us, and therefore, as 
Dean Inge said, hate us. And it gives their politicians the hope 
of attacking us successfully. So if we can make ourselves less 
vulnerable, and at the same time less alarming to others, we 
shall be helping the cause of peace. 

During the last war we were very nearly beaten by ^e 
German submarine blockade, and Cabinet Ministers tell us that 
in the nextwar the enemy aircraft may drop a greater weight 
of bombs on London in a single night thm they did in the 
whole of the Great War. What have we got to protect our- 
selves firom these dangers? Very little. 

We have one of the world’s two largest navies, but the naval 
e!3q>erts tell us that without many more cruisers ^ey could not 
protect our seaborne commerce. We have a small diough 
effident air force, but the air experts tell us that a Ba biggo: 

18 
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force cotild not guarantee us against raids, but oidy i}ring down 
some of the raiders, and bomb the enemy in reprisal. In a 
future war our shipping may be attacked by submarines, 
cruisers, or aeroplanes. We could probably overcome the 
dacnger if we had time, as we did that of the German sub- 
marines. But shall we be given time? 

Our reserves of food in this country are very small. Some- 
times we have only three months’ supply of wneat. If we had 
three years’ supply of wheat in national granaries we could 
laugh at the threat of starvation, and no other Power wotild 
be Ted into war by the hope of starving us out. The cost of 
such storage and purchase has been worked out. It would 
probably run to over ^(^200, 000,000, but it would cost much 
less than our navy, and would not fiightai anyone. I need 
hardly add that the wheat is waiting to be bought, and the 
workers who could make such granaries are waiting to be 
employed. 

Air raiders might attack m with explosives or gas. Besides 
aeroplanes, balloon barrages, and anti-aircraft guns, there are 
three other lines of defence. First, gas masks. Fairly good 
gas masks could be made for about hdf a crown apiece. But 
they could not easily be kept in good repair, it would be hard 
to teach people to use them, and they would not protect the 
skin against bHstering vapours. Again, every house in our 
large towns could be given a gas-proof room. This would 
cost a lot more, and would be no protection against explosives. 
Finally, all the thickly populated parts of our Iv ge towns could 
be equipped with bomb-proof and gas-proof underground 
shelters. This would cost a great de^, but it would be of 
immense value. In foct, if such shelters existed, it is likely 
that they would nevac be used, because an enemy would 
probably not violate the laws of war by bombii^ civilians 
unless he thoi^ht he could force a decision by so doii^, as the 
Germans hoped to win the war by sinking neutral ships. 

If we had protection of this kind* we could afford l;o reduce 
our expenditure on ships and aeroplanes, and people in other 
countries would be less afraid of us. But as you know, our 
Govonments have done nothing aloi^ these lines, diough die 



20 PERSONAL 

need for such adion has been obvious since 1920. I am not 
trying to make party capital. There is nothing to choose 
betw^ the Conservative and Labour parties in ^ respect. 

Now why is passive defence completely neglected? There 
are four reasons. Our politicians were brought up in the days 
of horse cabs, and wont, think in terms of modem transport. 
The fighting services have that incurable prejudice in fiivour 
of attack w£^ sent infiuitrymen like me against uncut barbed 
wire, and refused to mve us machine guns for defence. The 
storage of food would involve at least a partial nationalization 
of the food trades, which is all wrong, because it is Socialism. 
And above all we have a heavy and continual propaganda firom 
interested parties in fiivour of increaased armaments. I only 
wish the fiumers and the engineers who would have to excavate 
dugouts were as enterprising as the armament firms, and would 
subsidize propaganda for the storage of wheat and the making 
of bomb-proof shelters! 

I notice that Dean Inge has no use for the idea that armament 
manufiicturers ever ficighten us to make us buy their wares. 
They would be very remarkable people if they <hdn’t. I can’t 
open a newspaper without finding an advertisement intended 
to fiighten me into buying tooth-paste or pills. The arma- 
ment dealers are a Utde more subtle in their methods, but that 
is all. After all, common sense tells you that when you find 
an evil you should inquire who is making money out of it, 
and then you won’t be fiir offits cause. If you want to catch 
fire-raisers you find out who is making money out of fires. 
If you want to catch war-raisers find out who is making money 
out of wars and rumours of wars. 

Now don’t turn off your receiver in disgust because this 
doctrine is historical materialism or Marxist propaganda I It is 
Marxism. But it is also common sense, and it is also good 
Christianity. It wasn’t Karl Marx who. said, “Where your 
treasure is, there will your heart be also”. I think that if Dean 
Inge had h^d that text in'mind he wouldn’t have been quite so 
certain that armament shareholders would never obstruct dis- 
armament. Actually we know that men employed by arma- 
ment firms do so. Our present naval comp^tion with the 
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Ooited States is putiy due to efibrts a ymAmMMi -wdn* 
was paid by an American armament firm to inter&re witJi dbe 
Anglo-American conversations at Geneva. 

The men who framed the Covenant of the League of 
Nations thought difrerentiy from the Dean. Clause 4 of 
Article 5 begins, “The members of the League agree that the 
manufreture by private oiterprise of munitions and imple- 
ments of war is opoi to grave objections”. When Mr. Lloyd 
George agreed to that clause on our behalf, he had learned a 
great deal about armament firms while he was Minister of 
MuniticHis. That clause, which is a Socialistic clatue, was 
drawn up by such eminent anti-Socialists as Viscount Cecil and 
General Smuts. They realized that at least some kinds of 
private enterprise are among the causes of war. 

Of course, every shareholder in an armament fretory does 
not go about clamouring for war. But he or she realizes that 
if the promises to disarm made in the Covenant on behalf of 
the nations were carried out, it would mean a loss of income, 
and that a war, especially a nice little war on the other side of 
the world, would mean a financial gain. Let us put the thing 
as gently as we can. You can’t expect those people to be 
quite as keen on peace as the rest of us, and when peace and 
war are in the balmce that htde lack of keenness may turn the 
scale. 

Let us see what else besides the armament firms has an 
interest in war. Perhaps we haven’t been quite feir to them. 
After all, an army needs boots and breeches as well as guns. It 
gets better food than the civilian population. It needs trans- 

E ort. And, above all, it does not compete with civilians in the 
hour market. If you talk during a period of great depression, 
such as 1931, with a man who is engaged in finandn^ inter- 
national trade, he will often say someming of this kind: “I hate 
to say it, but you know a war would set me wheels of business 
going again. Of course, I don’t mean a war in which we are 
involvea. But look how well the neutrals did in the Great 
War!” 

If Japan and the Soviet Uhiem went to war tomorrow, not 
only would they want to' boy munitbns from os, but taw 
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imOBiidt «!’ dl’lEktib. Ifie J iq w Bi e ie woidd want thdr ships 
for transptnt, and British tramp steamers would take thm 
places. Hieir foctories would be too busy making army 
uniforms and explosives to compete with Lancashire. The 
immediate effect of such a war would probably be a foil in 
British tmemployment No wonder, tom, that some British 
business men would not exert themselves to stop such a war; 
even ifthcy would do their best to prevent this country foom 
being drawn into it. In the same way, many Japanese would 
ben^ financially firom a war in Europe. 

That is rathio: a terrible situation. It means that wherever 
you have unemployed labour and unemployed capital you have 
a cause of war. When markets are expanding, as they were 
through most of the nineteenth century, this cause is absmt. 
As long as we could sell cloth and rails to die Russians and the 
Japanese it was in the interests of almost every Englishman that 
they should keep the peace. It is not so any more. And I 
need not tell you that wars have a way of spreading. If the 
Soviet Union were at war with Japan, a European power 
might be tempted to attack her, and we should find it very 
hard to keep out. 

Lord Bcavcrbrook thinks we could keep out by refusing to 
commit ourselves to aid any other nation. Well, America 
had no commitments, and President Wdson tried to keep out 
of the Great War, but he fiiiled. If submarines were being 
used against commerce in a Franco-German war, does Lord 
Beave^ook honesdy believe that no British ships would be 
sunk? On the contrary, we have a for larger mercantile 
marine than the Americans had in 1917, and should fiur more 
certainly be involved. 

'When unemployment rises beyond a certain point things 
get still worse. Gomany had five cm: six million unemployM 
in the winter of 1932. They were desperate, and no one can 
wonder that many of them suppcMrted Hitler when he promised 
them work, even though his policy, which involves the absorp- 
tion of the German-speaking people of Austria, Czecho- 
slovakia, Poland, and Denrna^ can only be achieved by war. 
I ^ceidy hope that, in spite of this decuu%d policy, Germany 
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may not go to war, but there is no question that the danger of 
it is &r greater as a result of Hider’s advent. By the way. 
Lord Beavorbrook forgot to mention that the Nazi prc^ramme 
iiududes the return ofdie former German colonies. It is a pity 
that he did not teU us how he would answa such a demand 
were Germany supreme on the continent of Europe, with a vary 
large air force within striking distance , of London. 

As long, then, as we have massive unemployment, there is a 
very good reason for war. Every unemployed man or woman 
is a cause of war. I see no prospect of abolishing unemploy- 
ment under our present economic system. That is why I am 
a Socialist, and it is one reason why more and more lovers of 
peace are becoming Socialists. 

I notice that Dean Inge made the really amazing statement 
that one cause of war was pressure of population on the means 
of subsistoice. Actually the opposite is true. The world 
contains enough means of subsistence for a much larger popula- 
tion. Our Govenuncnt is busy trying, by quotas and taifis, 
to keep various means of subsistence out of the country. No 
wondCT with such an economic dieory he was unable to make 
any very constructive suggestions. 

I want to deal with one more cause of war. Lovers of peace 
are hopelessly divided in their policies. If peace is as important 
as I b^eve, we ought always to ask oursaves, “Does a given 
policy make for peace or war?” and act accordingly. Let me 
give you two examples: 

In 1921 the Greek Government rejected the British, French, 
and Italian proposals for a peace with Turkey, and launched an 
offensive into Asia Minor. In 1922 the Greek army was 
defeated. There was a revolution, and the commander-in- 
chief, the Prime Minister, and four other ministen .were 
ocecuted. This was one of the most impressive gestures for 
peace made in our time. 

I think it will be many years before another Greek Govern- 
ment enters into a war. What happened next? The British 
Government protested strongly, and withdrew its Minister 
from Athens. They had not withdrawn him while tens' of 
thousands of ordinary Gre^ and Turkswere beii^ sla ug l tter ed. 
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but five nfini^s and a general were another matter. They 
showed that tbey pieferrM the safety of Cabinet Ministers to 
the safety of peace. Th^tnann, the German Communist 
leader, is in prison today. It is reported that he is shortly to be 
tried, and may be sentenced to death. Among other things, 
he is accused of addressing a meeting in Paris, whore he ^ 
manded international action for peace 'by the. working class. 
Thilmann is standby for peace against the warlike poucy of 
Hitler. It will be interesting to watch the reaction of British 
-opinion if he is executed. Dean Inge says that fiiends of peace 
may pray to be delivered fiom such allies. Yet in war we are 
not so particular about our aUies. 

Two more examples: 

The University of Oxford conferred an honorary degree on 
Sir Basil Zaharofi*, the eminent armament manufecturcr. The 
Vice^hancellor of Leeds University has just censured Mr. 
Dickinson, one of its lecturers, fer making a very forcible 
speech in fevour of peace. I wonder if our Universities are 
doing, all they can to prevent the next war. 

To conclude, if we really want peace, we must examine all 
the causes of war, economic and technical, as well as psycho- 
logical and political. 'We must be prepared to associate with 
all sorts of people, firom Bishops to Bolsheviks, who share our 
aims. We must try to convert others as I have tried to convert 
you. 


Note 

I reprint this broadcast because it is of some sHght historical 
interest. I was asked to take part in a B.B.C. discussion in die 
autumn of 1934, Dean Inge, Sir Norman Angell, and Lord 
B^verbrook had alreadyspoken,the latter infiivourof isoktiem. 
The B.B.C. refused to permit this broadcast here reprinted. I 
offered to teme down some of the Socialism and to cut out the 
controversial niatter at the end. Hiey still refused. I did not 
feel justified in cutting out my pleas for food storage and A.R.P., 
so 'me broadcast was not given. It was, however, published 
in die Daily HerM aa November 3, 1934. 
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I have of course reprinted this article without alteratton, 
diough I have changed my opinion since, and wotild have pm 
several things drSerendy had I then held my present views. I 
should have emphasized more clearly the distinction between 
the private and pubUc nUnu&cture of armaments. Above Sill 
I did not foresee that British Governments would violate 
international law in &vour first of Mussolini, and tfien of Hitler, 
as they did from 1935 to 1938. Hitler Xvas supported by 
armament manuficturers in various countries. Herr Stinnes, 
who financed him, escaped, hut was handed over to the 
Gestapo by the Vichy Government. This is the only action 
of that government with which I have some sympathy. Lord 
Riverdale, of Sheffield, was one of the British armament manu- 
fiicturers who spoke in &vour of German rearmament. Un- 
like Herr Stinnes, he has found the war which resulted firom it 
quite profitable. 

I should like particularly to point out that in 1934 (and 
indeed earUer) I was demanding respirators and bomb-proof 
shelters. In 1938 I was one of the fbimders of the National 
A.R.P. Coordinating Committee, of which I am Chairman. 
It continued these demands, in great detail, and of cour» in a 
more up-to-date manner. Thus in November 1939 we saw 
that undergroimd shelters for all were impracticable, and urged 
the building of reinforced surfege shelters. These were b^un 
in the summer of 1941, after many lives had been lost in brick 
shelters, and many milUon pounds wasted on them. In that 
year the Daily Herald statra that the A.R.P. Coordinating 
Committee was a Communist organization. Actually it in- 
cludes members of several poliucal parties and of none. And 
in 1934 I had no connection with the Communist Party, and 
became associated with it mainly because of its full awareness 
of the dangers of Nazi and Fascist aggression. It also led the 
way in demanding adequate A.R.P. 

It would be interesting, by the way, to know just who was 
responsible for suppressing this btoadaut, whet^ he or she 
was the same parson who ordered birthday greetings to be sent 
to the ^Cing of Italy in 1941, and whether he or she is still 
directing tlw policy of the B.B.C. 
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I N November 1918 tic staff of die German university of 
Strassborg were forced to evacuate at a few hours’ notice, 
and although the French university of Strasbourg proved a 
worthy successor, the expulsion of me German professors who 
were unable, so it was said, to remove their apparatus and 
books, was regarded as a crime against learning. Perhaps we 
were over-sensidve in those days. Thousands of German, 
Austrian, and' Czech men and women of learning have been 
eiq>elled since 1933. Since 1936 their Spanish collogues have 
undergone a similar fete. Some of the Chinese universities 
have been deliberately bombed. Others carry on a precarious 
existence' under the Japanese, or in Yuiman and Szechuan. 
The university of Warsaw is being destroyed as I write.* 
Among the latest addidons to me list of refugee universides 
is that of London. A skeleton staff has been evacuated feom 
some of tbp teaching departments to Exeter, Bangor, Cam- 
bridge, and other towns. Except in the Imperial Collie of 
Science, and a few departments in other colleges which have 
defied orders to evacuate, research has ceased. Libraries are 
closed. 

In the case of the non-biological sciences the temporary 
cessadon o£ research is often not very serious. In my own it 
would be fetal. Some of my pedigree stocks have been pre- 
served so fer. Others have found, or may later find, refuge 
elsewhere. Other animals of known pedigree have had to to 
destroyed, and *many years’ work will be required to build up 
similar stocks again. The enforced slowing down of my work 
at least gives' me an opportunity to review it. I came to 
London in I933 as part-time professor of Genetics, and since 
1937 have bera Weldon Profiler of Biometry, a sdaice which 
is defined as the appUcadon of higher mathematics to biological 
problems. The success, such as it has bem, of iny department, 
is largely due to two men, Adolf Hitler and the late j|ohn D. 

' September 1939, 
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Rockef^ler. The former provided me with personnel, foe 
latter with money to pay tiiem. 

The department concerned itself with the details of inherit- 
ance in ^s, beetles, mice, rats, and men, and also with foe 
study .of natural populatimis of these animals. As an applied 
mathematician I devised statistical methods, and applied mem 
to thework of my junior colleagues, to that published by others, 
and to a little of my own. My chair was endowed by the 
widow of the late Professor Weldon, a zoologist with a bent 
fof mathematics, who had worked in conjunction with that 
great man, Karl Pearson. 

Karl Pearson saw that mathenutics could be applied to 
biology. However his philosoihy, which resemblra that of 
Mach, but was more consistent, lead him astray to some 
extent. He refused to look below the surfoce of phenomena 
because he thought there was nothing to look for. “This 
honest and conscientious enemy of materialism”, as Lenin 
described him (and Lenin rarely erred on the side of politeness 
to his opponents), collected data on inheritance in men, horses, 
and other animals, and attempted to describe the phenomena 
of inheritance ifi purely mathematical terms. He and Weldon 
were violent opponents of Bateson, Punnett, and ofoer workers 
who followed up the due which Mendel had discovered in 
peas. Thirty-five years ago it seemed impossible that both 
parties should be right. But they were. Bateson’s theories, 
foough fundamentally correct, were £u too simple. Pearson’s 
elaborate mathematical apparatus, when applied firom his 
essentially positivistic point of view, led to meagre biological 
results. But once foe more materialistic theory of the gene, 
which Morgan built up on foe basis of Bateson and M.endd’s 
work, had developed beyond its early stage, Pearson’s mathe- 
matical methods proved indispensable. 

I have been applying and developing them. The last paper 
which appearea firom my department before foe war, dealt 
with foe following problem. Haemophilia, a condition in- 
which foe blood will not dot, occurs in men only, but is 
handed down forough women. A woman transmitter hands 
it down to about half her sons. What fraction ofher daughters 
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inherit her corse? To take a concrete example, Queen Victoria 
had one haemophilic son, Prince Leopold, out of four; anihtwo 
of 1^ five dax^hters, iiamely Princess Alice of Hesse and 
Princess Beatrice of B^Utenberg, .had haemophilic sons. But 
we cannot say that only two out of five daughters were trans- 
mitters. The other daughters had seven sons between 
them. If they had had more, one of them might have borne 
a haemophilic son. In a group of such cases we can make the 
necessary allowances. And when we do we find that about 
half the daughters are transmitters. The calculation, howeVer, 
involves quite difficult mathematical and, above all, logical 
thinking. 

My colleague Dr. Philip has been breeding wild mice. This 
involved a study of their psychology, for they insist on being 
let alone before they will breed. Mice seem to act on the Nazi 
philosophy. In one Scottidi mine there were both white- 
bellied and grey-bellied mice. They will hybridize in cap- 
tivity. But there were no hybrids in nature. On die other 
hand a population of becdcs with four colour varieties were 
found to luve bred at random as regards colour. There had 
been no tendency of like to mate with like. ' My colleagues 
Gordon, Christie, Spurway, Street, and Rendel worked with a 
wild species of flies all of whose members look very similar. 
But by inbreeding them they showed that many of them 
carried recessive genes which made no difference to their 
appearance, but showed up in their descendants as a result of 
inbreeding. A number of true breeding races differing fiom 
the type' were established. Some of these were fireaks, but 
others possessed characters normally found in odier species. 
Finally my colleague Gruneberg studied a variety of con- 
genital diseases, such as cataract, d^fiiess, and anaemia, in mice 
and rats. 

Apart from its bearing on evolution, this work was mainly 
valuable in providing a background against which to study 
human problems. There is a ccmgenital element in a great 
deal of human disease, yet a hundrra people have wcnrk^ on 
infiictioos disea^K of animals for every one who has studinl 
theiz congenital makdiet. So modi nonsense has been talked 



I WAS A BIOMETRICIAN a9 

;^ut rac»-crossii^, racial purity, and similar topics in 
that we are apt to forget that there are very real questions to be 
answered in this field. For example there is ceruinly a Jewish 
problem, or rather a number of Jewish problems. Perhaps 
the central biological one is as follows. “Do the Jews taken as 
a whole, differ as regards innate physical characters fiom their 
n^hbours, as for example the Red Indians of North America 
di£^ firom the whites, negroes, Chinese, and hybrids?” Only 
if the answer to this question were affirmative would there be 
any point in conducting research on the much more difficult 
problem as to whether the Jews diffor firom their neighbours 
in a similar way as regards innate psychological characters! 

My department has attempted to answer such questions as 
these in die case of animals where no political, religious, or 
social theories were likely to bias the investigators. I believe 
that such work, if it does nothing more, helps os in two ways 
with the human problem. It gives us a backgroimd, as the 
study of animal anatomy or animal behaviour gives us a back- 
ground against which to study human anatomy and behaviour. 
And it ^bles us to test out methods on relatively favourable 
material. 

In the same way our work on congenital abnormalities in 
animals, if it does not answer the problems of human eugenics, 
at least suggests the methods by which they may be answered. 
Above all it warns us that the answer may not be simple. 
Some congenital abnormalities in animals can be got rid of by 
“sterilizing the unfit”, others can be reduced in frequency by 
preventing inbreeding. With others again, neither of these 
methods is very effective. 

AH this wont is what some people call pure science, but I 
prefer to call it long-term science,' because its results, though 
ultimately of great importance, are not immediately applicable. 
The action of the aut^rities of London University has shown 
that they do not regard such work as particularly important.* 
If, as some people b^eve, though I do not, our civilization is 
about to collapse, they are doubtless correct. Horse racing is 

> It is only fair to say that at a later penbd in the war they were much 
more helpful. Some of them read diis ardde. 
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not, like sdenttfic research, a prerogative of dvilized peoples, 
and some will think that so long as pedigree race-horses 
continue to eat food which might be otherwise used, a war to 
save pvilizatian m%ht respect humbler creatures which serve 
science. Clearly thu is the opinion of a minority. 

I must however confess that among the reasons which con- 
firmed me iu my belief that in the recent conflict the defence of 
Madrid was the defence of civilization were the activities of 
Professors de Zulueta and Galan. At least up to January 
1938 they continued to carry on research on heredity in 
be^es and cucumbers within less than two imles of the 
trenches, and under occasional bombing and shell fird Madrid 
fell, perhaps just because its people thor^ht that kind of thing 
worm whue, and did not sacmce all other considerations to the 
successful prosecution of the war. Whether or not the policy 
of the Spanish Government was right, London is showing 
somewhat less concern for scientific research than did Madrid 
two years ago. 


Note 

I have managed to keep my department going and most of 
its members have collaborated as & team in me work described, 
m the next articles. I have deleted a passage which was 
justified at the time, and was violently criticized. However it 
played its part in causing the university authorities to adopt a 
mtuh mcnre enlightened policy. In fii^ since 1940 fhey have 
served the cause of science and learning well. 



My War Job 

PART I 

I N the course of the war millions of Mople are put in situa- 
tions which endanger their life, heuth, or effi<^ncy, quite 
apart firom enemy action. We have only to think of men 
in overheated tanks, women exposed to T.N.T. poisoning, 
children in overcrowded shelters. A great deal can generally 
be done to protect them, but very often research is needed 
before this is possible. I have been eng^ed in work of this 
kind throughout the war, hut much of it is quite rightly secret. 
However the Admiralty has allowed me to publish accounts 
of one piece of work in Nature and the Journal of Hygiene, so I 
am free to write of it here. 

In 1939, at the request of the Amalgamated Engineering 
Union, I had done some work bearing on escape from sutn 
marines, and the Admiralty asked me to continue it, while 
Messrs. Siehe Gorman & Co. who make the Davis submarine 
esc^e apparatus, put their works at my disposal, 

If^a submarine is lying on the bottom, say igider 100 feet of 
water, and cannot rise, the crew can get out by opening a hatch. 
But they cannot do this until the air pressure inside is equal to 
the water pressure outside. At a depth of 100 feet me air 
pressure must be 4 atmospheres, that is to say a cubic foot of air 
must be squeezed into J of a cubic foot. At 300 feet the 
pressure must be 10 atmospheres, or 150 pounds per square, 
inch, and so on; an extra atmosphere for every 33 fret. The 
pressure may be raised either by flooding a whole compartment 
of a submarine, or by flooding a small escape chamber which 
normally only holds two men. So my first task was to find 
out some more about life in compressed air. We used a small 
tank much like a boiler, 8 fret long, but only 4 fret h%h, with 
small windows of thick glass, and an airtight door.. 

My colleague Dr. and I used eighteen volunteers as 
“rabbits”, and cure of us was always compressed with the 
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“rabbit”. Our “rabbits” included such distinguished men as 
Dr. Negtin, the former Spanish Prime Minister, and Col. 
Kahle, who commanded the Intematidnal Brigades. Two of 
-the “rabbits” were women. One of the men was severely 
ityured, and many lost consciousness, but 1 never had any 
difficulty in getting volunteers. 

How quicUy can a man be cotnpressed with safety? This 
may be a matter of life and death. We do not feel the extra 
pressure, any more than we fed that of fete normal air, provided 
it is evenly distributed. But everyone feels it on the ear 
drums, because the outer side of the drum is exposed to air, 
while the inner side communicates with the throat by the 
Eustachian tube, vdiich is generally kept shut. If this tube is 
not opoied, there is great pain, and an ear drum may burst, 
causing deaffiess till it heals again. Experienced divers can 
hold it open. I can mysdf. Most people can open it by 
holding the nose and blowing, but this is often supposed to be 
rather difficvilt to learn. I foimd that about four people out of 
five need no training. 

Certain people thought this was only true for biologists and 
medical students, so I got fom men firom the British BattaUon 
which had fought in Spain, none of whom had ever been in 
compressed air, and compressed each of them to lo atmospheres 
in 5 minutes, a speed which until recently was thought danger- 
ous even for experienced divers. The rate of increase of 
pressure on the ears is the same as one would get in a plane 
nose-diving at 6oo miles per hour. I admit dut one of the 
feur lost consciousness for a moment, but none of them asked 
me to stop the compression. 

You fed pretty queer at lo atmospheres. The air is so thick 
that you fed quite a resistance when you move your hand, and 
your voice sounds very odd, as if you were trymg to imitate a 
Yankee twang, and overdoing it very badly. But after a 
minute or two you also fed chaises in your niind, somewhat, 
but not exaedy, as if you were drunk. Americans and Irish- 
men generally get very excited and may be quarrelsome. So 
do some Eaglimmen. Others become miserable, and say they 
are dying. Dr. Negrin was one of the few who preserved a 
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complete outward calm, though his written notes show that he 
was feeling rather odd. In tms condition most people can stiU 
do feirly well on simple tests of manual skill, however (except 
for one woman) they cannot do arithmetic or think of several 
things at once — for example testing a 'babbit*’, taking notes, 
and collecting a sample of air. But they can carry out a drilL 

This condition, as was first shown by Commander Behnke, 
of the U.S. Naval Medical Corps, is due to the fiu:t that nitro- 
gen is a poison if you have enough of it. Four-fifths of air 
consists of nitrogen, which is generally supposed to be inert. 
But when you increase the amount in a lungful five times or 
more, it becomes an intoxicant — a simple example of the 
change of quantity into quaHty, on which Marx and Engels 
laid such stress. It is easy to prove that the nitrogen is respon- 
sible, by breathing, not air, but a mixture in wmch hydrogen 
or heHum is substituted for nitrogen. One recovers in two or 
three minutes. 

So far we had not had a very difficult job, but when we got 
onto the next problem, ‘‘What happens if the air is foul?”, we 
were not so comfortable. I shall describe these experiments in 
the next article. 


D 
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PART n 

I N my last article I described some work on which I have 
been engaged to make escape from submarines easier. 
Since, before the crew can open a hatch, the air 'pressure 
inside must equal the water pressure outside, we had to in- 
vestigate lifr in compressed air. Now the air in a submarine 
which has been under water for some time is feirly foul. The 
men have tised up some of the oxygen, and produced some 
carbon dioxide. 

The efrect of a gas mixture on human beings does not depend 
on its percentage composition, but on the amount of gas in a 
given volume. So even if the oxygen has been a, great deal 
reduced, they will get all they need imder pressure. Thus if 
half the oxygen had been used up some of the crew would 
probably be unconscious, and all would be weak and stupid. 
But if dm air were compressed into half its volume, they would 
get as much oxygen in a breath as in ordinary air, and recover 
completely. Unfortunately the same holds for carbon dioxide. 
If there is 2 per cent of this gas in air at atmospheric pressure, 
you may not notice it at rest, though you are rather short of 
breadi when working. But if you squeeze this air into a third 
of its volume, you find yourself panting fijr dear life, as if you 
were breathing 6 per cent at the normal pressure. 

Our main experiments were on the efl^ of carbon dioxide 
at a pressure of 10 atmospheres, corresponding to 300 feet of 
sea water. We worked in a litde tank 4 feet high and 8 feet 
long. Ifirst my colleague E>r. Case and 1 found out how much 
was needed to make ourselves unconscious. Then we started 
to work on others. 

One of us would sit, breathing through a canister containing 
a 'mixture of lime and soda to absorb the carbon dioxide, 
whilst our victim breathed it directly until he or she lost 
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consciousness. The victims were given a simple test of mannal 
skill to see how ba<lly thev were affected before they passed 
out. They were almost all tough aiough to go on with their 
job, or try to, till they stopped with their mouths open (for 
they were panting hard) and a glazed look in their eyes. They 
did not answer when spoken to, or even poked. Then some 
of the air was let out, and they recovered consciousness. 

At least that was what was supposed to happen. But the 
compressed air by itself made me feel so queer tmt I sometimes 
forgot to breathe through the canister again after speaking to 
the victim, and I passed out too. In this case someone watch- 
ing at the window would lower the pressure. And occasion- 
ally the victim vomited or made trouble. 

We found that people varied a great deal in what they could 
take. I am no better than the average of our volunteers, 
though I dare say I am better than the average man in the 
street would be. Our two women volunteers were both 
better than most of the men. The one man whom we foiled 
to knock out -with a very high dose is a little International 
Brigader called Jacobs. He was the only Jew on whom we 
experimented, but he continued writing quite calmly when 
Nordic blonds had taken the coimt long ago. As a result of 
our tests we reached a definite conclusion as to the amount of 
carbon dioxide in which men could not merely keep conscious, 
but work. 

We also had to investigate the effects of cold. Dr. Case or 
I lay, dressed in a shirt and trousers, in a bath of water and 
broken ice, till we began to shiver. This takes about 20 
minutes in my case, but a shorter time for most Englishmen. 
I dare say many Russians would take longer. Then the air 
pressure was raised, and whoever was in me bath was given 
problems in mental arithmetic or made to recite verse; for we 
were shivering too badly to do anything much with our hands. 
Sometimes some carbon dioxide was added to the air as an 
extra. We found that the cold only made the symptoms very^ 
slightly worse. 

-When the war is over it will be possible to describe further 
experiments; but at present I caimot even answer letters r^ard- 
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ing the question of escape from submarines, much less write a 

full accoimt of it. 

But I can draw some morals. This work should have been 
done in peace time, in a more leisurely and systematic way. 
So shoukl a vast amount of odier work of the same kind. 
Whenever men and women are to be put under abnormal 
conditions, the effects should be tested before some of them are 
killed or maimed, not after. No-one dreams of using a ship, 
an aeroplane, or a car, till its various parts have been tested. 
But we do not apply the same notion to human beings. This 
is partly because we do not think of them materialistically, as 
we think of machines, partly because the people at risk are 
often “only” workers, anthracite miners, stokers, or cotton 
blowrroom operatives, for example. 

The necessary experiments are not quite safe or very com- 
fortable. Nor are dirt-track racing, mountaineering, or many 
other things which men do for pleasure. I have no doubt 
volunteers could be found. But nothing will be done without 
pressure from the Labour Movement. When the T.U.C. 
appointed Sir Thomas Legge, our greatest expert on industrial 
diseases, as its medical adviser in 1929, it did a very wise thing. 
Unfortunately he died in 1932. Perhaps after the war it may 
itself start, or force the Government to start, experimentol 
work on industrial dangers, as straightforward as that which I 
have described. 



what I am Fighting For (1942) 

U nfortunately I am not fighting in the strict sense 
of the word. But my job is more like fighting than 
those of most men of 49. I have to test certain appar- 
atus used by one of the fighting forces. In doing so I have 
been injxired and might have been killed. And as fur as I am 
concerned this war began in 1936. I spent some time in the 
fiont line during the Spanish RepubUc’s heroic fight againsf 
Fascist aggression. 

I want to see Socialism in my time in England, and would 
be quite ready to fight for it if a minority attempted to prevent 
its coming when a majority desired it. But that is not what I 
am fighting for today; or at most that is only one of the things, 
for a Nazi victory would make many other good things besides 
Socialism impossible. 

One of Hitler’s most striking achievements is the number of 
nations, and the number of sections of opinion, that he has 
contrived to unite against him. Primarily I am fighting for 
something on which a Chinese peasant and an English fiictory 
worker, an America milHonaire and a Soviet Commissar, a 
mons^or and a rabbi, would agree upon, the beUef that every 
human being has some claim to consideration. This is what 
Hitler denies. Apart from members of the German Race, and 
(for the moment), their allies, other human beings are mere 
instruments, to be killed or enslaved as suits his purpose. 
Today a Pole or Ukrainian under the Nazis has rather less 
rights than an animal in England, which is at least protected 
from some forms of cruelty. 

Of course I am fighting for a great deal more than this. I 
am. fighting fr>r all the principles of the Atlantic Chatter, 
though I wish that document went a lot further. However, if 
it is implemented, it will mean a lot. For example freedom fbr- 
India, and the impossibility of cornering raw materials, whether 
by rubber tycoons in London or their opposite munbers on 
Wall Street. 
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As an Englishman and a Communist I have two special 
interests. I want to see my country free to contribute to 
civilization as it has done in the past. That does not mean that 
I wotild have taken part in the wars against revolutionary 
America or France, or against the Boers. I don’t believe in 
the slogan, “My country, right or wrong’’. But defeat in this 
war would mean the end ofeverydiing mat has made England 
more worth while to the world than Bu^aria or A^hamstan. 

My feelings about the Soviet Union are not very dissimilar. 
This Union has shown that Socialism can work, even if it is 
started in a very illiterate and poorly developed country. 
The heroic resistance of the Soviet Peoples has shown to the 
world what I knew before, that by and large, they are pretty 
satisfied with their way of life, and certainly not longing for 
ddiverance fi:om it. I want to see Socialism everywhere, 
though I don’t suppose Socialism in Britain would be very 
much more like Socialism in Russia than the Church of 
England is like the Russian Orthodox Church. Hence I am 
extremely glad to be fighting for the land of Socialism. 
Incidentahy as a scientist I am gl^ to be fighting for a country 
which is already leading the world in some branches of 
science, and is likely to do so in many more. 

I am also proud to be fighting, not only to Hberate the 
peoples of Europe, but those of China, which has the world’s 
greatest record of continuous culture, and for the fieedom of 
me United States, the first parliamentary democracy. And I 
know enough decent Germans, Italians, and Japanese, to be 
glad that I am fightix^ for their fieedom too. 

Though I hope we are going to concentrate on beating 
Hitler tint, ihe defeat of Japan may be just as important for 
the world in the long run. In eacn case we shall luve failed 
unless we take away all possessions and power fiom the class 
responsible for aggression — ^in Germany the big industrialists 
as well as the Nazi and army leaders, — ^in Japan the officer 
dass. You have a magnificent museum of oriental art in 
Boston. When I next go there I want to see the “seven sacred 
treasures’’ of Shintoism on exhibit, for that cult— you can 
hardly call it a religion— is a danger to the world. 
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Finally I am %hting for my life. I know oaough about 
what has happened to professors in Poland and Czechoslovakia 
to guess my fete if Hitler won, whether my country was 
occupied by the Nazis or only ruled by Mosley and Ramsay. 
If I have to die in the next year I don’t want to be beatto to 
death or executed. I would rather die fighting. 
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what is Matter? 


M aterialism means the belief that matter really exists, 
whether anyone is aware of it or not, and that it was 
there before any mind perceived it. Idealism is the doc- 
trine that mind was there first, and that a thing unperceived 
does not exist. If there is anything in an empty room, it is 
only because God sees it. There are various intermediate 
theories. 

I am not going to argue the case for or against materialism, 
but to point out what is meant by the word matter. It is 
derived firom the Latin materia, which originally meant wood, 
but later any stuff of which other things were made. But the 
Romans meant something very different firom the modem idea 
of matter, by this word. They took over a Greek doctrine 
that things were made of earth, water, air, and fire, mixed in 
various proportions, the densest substances containing most of 
the “element” earth, and so on. We look at things quite 
differently today. 

The same substance, say mercury, can exist in states corre- 
sponding to the four “elements”. When very cold, it is a solid 
metal rather like lead. At ordinary temperatures it is a Uquid. 
At still higher temperatures it boils away as a gas or vapour. 
And if we excite this vapour with an electric discharge it 
becomes luminous or “fiery”. So it is more appropriate to 
regard the “elements” of the ancients as qualities rather than 
substances, and to say that mercury may be solid, liquid, or 
gaseous, and that the gas may also be lutninous. Of course 
many compounds and mixtures, for example wood or leather, 
can only exist as soHds, and are destroyed if we try to mdlt 
them. Others such as fzt, can exist as solids or Uquids, 'but not 
as gases, except at very low pressures. 

All this seems simple to us, but it took a lon^ time to get it 
dear. Thus three centuries ago “spirit” meant anythii^ which 
left a solid or liquid in an invisible form. It might be the 
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human spirit which was supposed to leave the body at death, 
“spirits of wine” which left wine when it was heated, and 
condensed as brandy, or “spirits of salts”, that is to say hydro- 
chloric add, which left common salt when it was heated with 
sulphuric acid. Our ordinary ideas of today only became 
possible when it was realized that there were a great many 
difEerent sorts of gas and wipour, and that they could all be 
condensed to liquids or solids, so that they were just as material 
as anything else. 

And this, in turn, only became possible when airt^ht tubes, 
and particularly glass tubes, were available. For the progress 
of sdence, glass has been the most important of all materials. 
It made the telescope and microscope possible. It made it 
possible to watch the progress of chemi^ reactions, even of 
inflammable substances or those with poisonous vapours. 
Almost all the reactions which take place in metal containers 
in chemical &ctories were first carried out in glass vessels. If 
there were no such thing as glass, I am quite sure that our 
scientific theories would be very diflerent. I do not mean 
that there are diflerent kinds of truth; but we should have dis- 
covered truths in such a diflerent order that the world would 
seem very diflerent to xis. We should probably have quartz 
lenses, for example, but they would be so expensive that 
microscopy would still be in its in^ncy. 

The knowledge that gases were a kind of matter convertible 
into sohds and liquids gave the due to many properties of 
matter. For example when gases could be weighed it was 
shown that chemicd or biological actions produce no measur- 
able change in the weight of the matter taking part in them. 
That is to say matter, measured by weight, is practically in- 
destructible. But only one hundred and fifty years ago people 
were thinking very di^endy. Gases were described as fixed 
air, dephlogisticated air, and so on, beit^ thought to be 
diflerent forms of the same substance, air. Now we say 
that they, are gaseotis hydrogen, gaseous oxygen, and so 
on. We have changed round the substantive and the ad- 
jective. 

In the same way two hundred years ago men spoke of 
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dectrified substances, but now we think electricity is itself a 
substance, and we measure its amount in coulombs. .Similarly 
we think of energy as a substance. This has become particularly 
easy since energy became a commodity bought and sold in 
therms, kilowatt-hours, and other units. It is easy to think 
of matter in this way, as composed of various substances which 
imdergo transformations. And this is how we think for many 
purposes in scientific work. However this kind of thinking 
learn in the long run to mechanism, that is to say the view that 
men are machines and the universe is a machine. 

But many fects cannot be explained on this view, and few 
people are willing to believe that they are machines. So this 
view soon generates its opposite, that men and the imiverse 
are machines whose working is constantly interfered with by 
miraculous or at any rate immaterial forces. This means 
giving up the scientific method just where it becomes most 
important, namely when it is applied to human beings and 
human societies. And it must be remembered that biologists 
have searched quite vainly for any evidence of immaterial 
forces such as a “life-force” acting on ordinary matter in 
living things. 

So scientists are more and more adopting the view of Marx 
and Engels that nature consists of processes or events rather 
than thmgs, and that though hydrogen, oxygen, iron, and 
so on, are much more stable than tne so-called elements of 
the Greeks and Romans, they are not the eternal bricks of 
the universe. This was made feirly certain by the work of 
Rutherford and his pupils. They showed that though atomic 
nuclei and electrons were mostly very stable at ordinary 
temperatures, yet some atoms broke up, without external 
shon^, and all were liable to change at very high temperatures. 
In feet all forms of matter change, and change is part of the 
very being of matter. The change may be very quick indeed. 
Some of me molecules which exist in a flame can only last fer 
a thousandth of a second or less. Other material structures, fe>r 
ft-rainplft the fossils in old rocks, last for hundreds of millions 
of years. None last for ever. 

We have, of course, no reason to think that this is tl^ last 
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word about matter. A century or two hence our descendants 
will probably think of it in ways which we cannot yet ima^e. 
The important point is that each new way of thinking about 
mattor increases our control over it. This is the test— in fuX 
the only scientific test — ^by which we can determine that we 
are gettmg nearer the truth. 



The Universe gets less Mysterious 


N ewton was something of a disaster for science. Not 
because he was wrong. On the contrary, he had a 
habit of being devastatingly right, even in his apparently 
wilder speculations, such as tiiat about particles of light being 
subject to “fits”. But he left little room for originality in his 
immediate successors. For nearly two centuries astronomers 
did little but illustrate, by ever more numerous examples, the 
correctness of Newton s gravitational theory. And mathe- 
maticians used the differential calculus as one of their principal 
tools, though it was two centuries before anyone was able to 
justify Newton’s intuitions by logical proof. The develop- 
ment of science might have been nealduer if Newton’s work 
had been spread out over a dozen men and a hundred years. 

His immediate successors became mere commentators on the 
man “Qui genus humanum ingenio superavit”, as his epitaph 
quite correctly states. Later generations learned at school tne 
very ingenious system of rationalizations by which the com- 
mentators had attempted to disguise his inspired guesses as 
common sense. In the late 19th century, however, facts 
began to accumxilate which showed that Newton’s theories 
were only approximations to truth. "And if one had accepted 
them as oictates of reason, a world in which they did not hold 
exactly seemed to be irrational or at best mysterious. 

I believe this mystery is merely a defence mechanism against 
bringing oxir ideas up to date, and that most of the fects of 
modem physics are as intelligible as those on which Newton 
built his theories, though we are 'waiting for an exposition of 
them as clear as his. Let us take the group of events described 
as the transformation of mass into energy, and conversely. 
Some prehistoric genius discovered that many things have a 
practically constant weight. It is not quite constant. If you 
put a on a sensitive balance he can be seen to lose weight 
so quickly that no two swings are alike. Further, things 
weigh more when the barometer is low than when it is, high, 
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especially if they are bulky. This is explained by the increased 
buoyancy due to displacement of air. On the oth« hand the 
€ict that things i»pdgh less on a mountain than in the plain can 
only be explamed as a real loss of weight taking place when they 
are removed further from the earth which attracts them. 

However, Newton found another quantity, namdy mass, 
which is constant when weight is not. The mass of a body is 
proportional, among other things, to the force needed to give 
it a given speed when actii^ for a given time; or to the amount 
of work which a body will do, when moving at a given speed, 
before it is broi^ht to rest. According to Newton, the mass 
of a body was absolutely constant, while the weight varied 
both with the mass and with the strength of gravitation in its 
nei^bourhood. The idea of energy is also a common-sense 
idea, at least in a mechanical age. And the acceptance of the 
theory that energy is conserved, and only changes from one 
form to another, did not contradict Newton’s ideas. 

It now hums out, however, that energy has mass and weight. 
When you wind up your watch you put energy into it. As a 
result it has more mass. That is to say you have to do more 
work in accelerating for a sprint with your watch wound than 
tmwound. It also weighs more. That is to say it is more 
attracted by the matter and energy of the earth than it was 
before. Or if you like to put it that way, it causes more of a 
distortion of space-time. Of course these changes in a watch 
are too small to be measured at present, but changes of this 
type in atoms can be measured with some accuracy. For the 
life of me I cannot see anything mysterious in such frets as 
these. It is no shock to my intell^ence that, just as the spin of 
the flywheel of my car makes it Imder to mm it, it also makes 
it harder to accelerate it. 

One of the most famous of 19th-century calculations was 
that of Helmholtz concerning the solar system. He showed 
that if the matter in it had originally been cool gas distributed 
in a nebula reaching to the orbit of Neptune, its contraction 
could have provided all the energy needed to heat the sun^'to 
its present temperature, but that at the present day the energy 
given out by sun could only be supplied by gravitation if 
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the sun’s xachus was lessening by about a mile pa ceottny. 
This was a good thecuy in its day. It gave a possible ratkmal 
explanation of the source of the sim’s heat, but was unaccept- 
able since it was already sure that the earth’s sur^e had been 
at near its present temperature for millions of years. Chemical 
energy was equally out of the question, since if the sun were 
made of coal, at its present rate of energy production it would 
only last for about ten thousand years. 

So pious astronomers could echo Raphael’s words about the 
sun in Faust: 

Ihr Anblick gibt den Engeln Stiirke 
Wenn keiner sic crgriinacn mag. 

I sometimes wonder whether Goethe, 'when he wrote these 
lines, was guilty of a low pun, and compared the angels widi 
vegetables that make starch when the sun shines on them. 
Certainly ignorance is not a source of strength to men, what- 
ever it may be to archangels. 

When Rutherford discovered that radio-active transforma- 
tions gave out millions of times as much energy as chemical 
changes of the same substances, it was clear that energy 
sources were available which would account for heat produc- 
tion on a vast scale over millions of years. But there do not 
seem to be enough of the ordinary radio-active elements in 
the sun to supply energy for a thousand million years. And 
until the last few years the nature of the energy-generating 
process was fer feom clear. 

Then the work of Aston on the one hand, and Cockcroft 
and Walton- on the other, at Cambridge, furnished the neces- 
sary clues. Aston, with his mass-spectrograph, found that the 
weights of atomic nuclei were very nearly whole numbor^, 
whra expressed in terms of that of hydrogen. Apparent 
exceptions were due to mixture. Thus chlorine has an 
apparent atomifc weight of about 35^, and turns out to consist 
mosdy of atoms of atomic weight 35, with a lesser amount of 
atomic weight 37. Whereas carbmi, with atomic weight 12, 
consists almost wholly of one atomic species. But as soon as 
Aston’s measurements became more precise he found that the 

B 
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whole numbers were not exact. The nucleus ofa carbon atom 
is very probably built up of 12 protons (nuclei of hydrogen 
atoms) and 6 ^ctrons. But its wdght is nearly i per ceat 
below the sum of .their weights. The lost weight is due to 
loss of energy. The process of packing protons and electrons 
together gives out an immmse amount of energy, and when 
this goes off into space as radiation, weight is lost too. The 
weight of energy has been pretty accurately determined by 
rmearch on the radio-active elements with heavy atoms, and 
as it obeys an extremely simple formula there is Httle doubt 
that the same formula holds fsr all mass-energy transforma- 
tions. 

Eddington had calculated the central temperature of the sun 
at about ten milUon degrees, though Milne put it somewhat 
higher. We cannot get such temperamres in the laboratory, 
for obvious reasons. But a high temperature means rapid 
random movement of atoms, and we can get atoms moving, 
though not at random, at speeds corresponding to these great 
temperatures. Cockcroft and Walton were the first to do so, 
by passing a current with half a milHon volts’ electromotive 
force through hydrogen in a near-vacuum. 

Under these circumstances atomic nuclei coUide with such 
violence as to be transformed. Some of these transformations 
involve a loss of mass and a giving out of energy in vast 
amounts. More accurately some of the mass and energy 
associated with the particles gets loose, and appears as motion 
of the particles and as radiation. These transformations only 
occur at ht^e temperatures, just as coal does not bum below a 
red heat. Gradu^y Atkinson, Bethe, Gamow, and others 
worked out a theory of the Hberation of energy in the sun, 
based on the actual results of experiments such as those of 
Cockcroft and Walton. 

The essential energy-liberating reaction seems to be the 
transfomuuion ofhymogen into hehum. This does not take 
place direcdy, save to a slight extent. The actual process 
appears to be the successive addition of three hydrogen nuclei 
to a carbon nucleus, giving an overweight nitrogen nucleus. 
A fourth collision with hydrogen increases its mass still further. 
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and it divides into a normal carbon nucleus and a heliom 
nucleus. In &ct the carbon acts as a catalyst, speeding the 
reaction up. 

At the present rate of shining, our sun’s store of hydrogen 
would last about ten thousand million years. Towards the 
end of this time it should, rather paradoxically, get hotter, and 
finally perhaps explode as a Nova. However, physicists arc 
getting more cautious about calculations concerning the very 
remote past and future. We can only do so if we assume that 
the “laws of nature”, i.e. the properties of matter,- are un- 
changing. This seems to be doubtful on theoretical grounds. 
But just how they are changing is quite unknown. According 
to Milne’s theory, the speed of light, measured in terms of the 
sidereal year and a stan^d wave-length, should be falling oflf 
by one two-thousand-millionth part per year. If this is correct 
our measurements are certainly not accurate enough to detect 
it, though Bray thinks he has detected a much bigger change. 

If Mime is right chemical processes are speeding up relative 
to most physical processes such as the earth’s rotation, and we 
cannot talk with any confidence about happenings more than 
a thousand million years or so in the past or future. Once 
again this does not strike me as mysterious. Eternal and un- 
changing laws are merely human attempts to ascribe to nature 
some of the alleged attributes of God. A human society whose 
laws were eternal would be mysterious in the sense that it had 
supernatural foimdadons, as Catholics believe to be the case. 
So would a nature with unchanging laws. However, we shall 
have to know a good deal more about its contemporary laws 
befi^re we know how, if at all, they are changing. , But it 
seems likely that we shall be able to escape firom the dilemma 
that either the universe had a beginning and will have an end, 
or else it is merely a repetition of ramer well-worn themes, 
including the risfi and decline of species of thinking animals. 
It looks as if the utiiverse will turn out to have a r^ history, 
but no beginning or end in the sense of a first or last event. * 

For suoi reasons as these, then, I believe that the univoise 
should appear less mysterious today than ten years ago to 
anyone who tries to fijUow the development of physics. It is 
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mote com^&»ite(i dian it seemed, l>ut diat is a very difFerent 
matter* Newtmiiaii universe was only intel%ible as a 

machine created and set in motion by a creator who then left 
it alone. The universe of modem physics is something which 
devdops, like its component parts, and for that very reascai is 
intellimble if one r^uds ch<mge and development as funda- 
ments realities. 



The Laws of Nature 


T he phrase “A law of Nature” is probably rarer in modem 
sdentific writing than was the case some generations 
ago. This is partly due to a very natural objection to die 
use of the word “law” in two different smses. Human 
societies have laws. In primitive societies diere is no disdno 
tion between law and autom. Some things are done, others 
are not. This is regarded as part of the nature of things, and 
generally as an u^terable &ct. If customs change, the 
change is too slow to be observed. Later on kings and 
prophets could promulgate new laws, but there was no way of 
revoking old ones. Thus the unfortunate Jews, if orthodox, 
stagger imder a burden of law which was increased over 
thousands of years by ingenious rabbis. The Greek demo- 
cracies made the great and revolutionary discovery that a 
community could consciously make new laws and repeal old 
ones. So fbr us a human law is something which is valid only 
over a certain number of people for a certain period of time. 

Some people also believe in Divine laws which hold for all 
men everywhere. The curious can buy a recent report^ by 
Anglican bishops and others who have tried to solve the 
fosanating problem of where hiunan law ends and Divine law 
begins as regards marriage with relatives. God forbids you to 
marry your sister, it appears, but it is not so sure whed^ it is 
God or man who says that you may not marry your niece. So 
many gods have issued so many di£&rent laws in the past that 
a study of history makes the theory of Divine law a little 
ridiculous. Just me same applies to the Stoic conception of a 
natural law incumbent on all men as men. Even if such laws 
existed they would not be eternal, for man has evolved and will 
evolve. Actually they turn out merely to hold for a particular 
stage of social and economic development. 

l^ws of Nature, however, are not commands, but state- 
ments of &ct The use of the same word is unfortunate. It 
I KituM md Affittitjf as htyedimetas to Marriage. S<P.C.K., Laadan, 1940. 
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would be bettor to speak of unifiuimties of Nature. This 
would do away widi ^ (dementary fidlacy that a law implies 
a law-^iver. Incidentally it mi^ht just as well imply a parlia- 
ment or soviet of atoms. But the dif^ence between the two 
uses of the win'd is fimdamentaL If a piece of matter does not 
obey a law of Nature it is not punishea On the contrary, we 
say that die law has been incorrecdy stated. It is quite prob- 
able that evory law of Nature so stated has been stated 
incorrecdy. Certainly many of them have. Nevertheless 
these inaccurately stated lavrs are of immense prac^al and 
theoretical 'value. 

They fell into two classes — qualitative la'ws such as “All 
animals 'with feathers have beaks”, and quantitative la'ws such 
as “Mercury has 1 3 • 596 times the density of water” (at 0“ C. and 
I atmosphere’s pressure). The first of these is a very good 
miide. But it was probably not true in die past. For many 
birds which were certainly feathered had teeth and may not 
have had beaks. And it is quite possibly not ti^ today. 
There are about a hundred diousand million birds on our 
planet, and it may well be that two or three of them are freaks 
which have not developed a beak, but have lived long enough 
to grow feathers. It was thought to be a law of Nature that 
fianale mammals (defined as •warm-blooded vertebrates -with 
hair) had mammary glands, until Professor Crew of Edinburgh 
feund that many congenitally hairless female mice lacked these 
organs, though they could bear young whidi other females 
could then foster. 

And quantitative laws generally turn out to be inexact. 
Thus •water is nothing definite. It is a mixture of at least six 
different substances. For in the molecufe HjO one or both of 
the hydrogen atoms may be either light or hea'vy, and so may 
die oxygen atom. Similarly, mercury consists of sevo^ 
differoit types of atom. Thus the ratio of the densities of 
mercury and water is not fixed, though in the case of ordinary 
samples the •variation is too small to be detected. But it can 
be ^tected if the water happens to have bear taken feom an> 
accumulauxxr whidi has been used finr some time. 

We have, I believe, gained a somewhat deepo: knowledge 
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of the meaning of natural laws from the work of two living 
English physicists— Jefireys and Milne. In his Theory of 
Probability * Jeffireys Im something new to say about inductimi. 
Two contradictory theories are in vogue as to the laws of 
Nature. The older view is that they ’are absolute, though o£ 
course they may have been inaccurately formulated. The 
extreme positivistic view, enunciated by Vaihinger, is that we 
can only say that phenomena occur as if certain laws held. 
There is no sense in making any definite statements, though it 
is convenient to do so. 

Now Jeffreys points out that, if a number of observations 
have been found to conform to a law, it is highly probable that 
the next one will do so whether the law is true or not. In 
Jeffrey’s words: “A well-verified hypothesis will probably 
continue to lead to correct inferences even if it is wrong”. 
This can be proved in detail if it is stated with sufficient exacti- 
tude, on the basis of some highly plausible assumptions. Thus 
we can use the “as if” principle without denying the existence 
of natural laws. What is more remarkable, laws whkh 
ultimately turn out to be inexact arc often fer more exact than 
the data on which they arc based. Thus Jeffreys remarks, 
speaking of gravitation, that “when Einstein’s modification 
was adopted the agreement of observation with Newton’s law 
was three htmdred times as good as Newton ever knew”. 

Positivists and idealists have made great play with the feet 
that many laws of Nature, as formulated by scientists, have turned 
out to be inexact, and all may do so. But that is absolutdly 
no reason for saying that there are no regularities in Nature 
to which otir statements of natural law correspond. One 
might as well say that because no noaps of England give its 
shape exaedy it has no shape. 

Vi^t is remarkable about the laws of Nature is the accuracy 
of simple approxinudons. One might see a hundred thousand 
men b^re finding an exception to the mfe that all men have 
two ears; and the same is true for many of the laws of physicl. 
In some cases we can see why. The universe is organized in 
aggregates, with, in many cases, pretty wide gaps between 
> Theory of ProbMity. Oxford, 1939. 
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dwm. Boyle’s law that ^ density of a gas is proportionai to 
its pressure, and Charles’s law that the volume is proportumal 
to ihe temperature, would be exact if gas moleades were 
points whioi had no volume and did not attract one another. 
These laws arc very nearly true for gases at ordinary tem- 
peratures and presstures, bemuse the molecules occupy wily a 
small part of the space containing die gas, and are close enough 
to attract one another only during a very small part of any 
interval of time. Similarly, most of the stars are enough 
apart to be treated as points without much error when we arc 
considering their nlbvements. 

And most men manage to protect themselves from injury so 
frr as is needed to keep both ears; whereas trees cannot protect 
themselves from the loss of branches. It is very rare to see a 
completely unmutilatcd, and therefore completely regular, 
tree. Mendel’s laws, according to which two types occur in 
a ratio of i ; i in some cases and 3 : i in others, are theoretically 
true if the processes of division of cell nuclei are quite regular, 
and if neither type is so unfit as to die off before counts are 
made. The first condition never holds, and the second very 
rarely does. But the exceptions to the first condition are very 
infrequent. In one particular case a critical division goes 
wrong about once in ten thousand times. The effect of this 
on a I : I or 3 : 1 ratio could be detected only by counting 
several hundred million plants or animals. Di^rences in 
relative fitness are more important. But even so the Mendelian 
ratios are sometimes fulfilled with extreme accuracy, and arc 
generally a good rough guide. 

Jeffreys points out that in such cases it is often much better 
to stick to the theoretical law rather than the observed data. 
For example, if you are breeding silver fi^xes and a new colour 
variety occurs which, if crossed to the normal, gives 13 normal 
and 10 of the new colour, you are much more likely to get a 
ratio.of about i : i than 13 : 10 if you go cm with such matings, 
even though if you breed many thousands the i : i ratio 
not hold exactly. The mathematical theory which Jeffeys 
has developed a>nceming such cases is particularly b^utifiil, 
but can hardly be sutnmuized here. 
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Millie’s dieozies are extremely revolutionary. He starts oif 
with very simple postulates. He assumes some geometrical 
axioms — ^fbr example, that space has three dimensions — ^but 
does not amune Euclidean geometry. He also assumes what 
he calls the principle of cosmological relativity — ^namely, that 
observers anywhere in the universe wotild see much the same 
things. There is no fiivoured point or centre, no limit beyond 
which there is no more matter, and no direction in which 
matter progressively thins out. This is an assumption; how- 
ever it is only the natural extension of Copernicus’s theory that 
the earth is not the centre of the universe, but just one star 
among others. 

He then imagines observers on difierent stars communicating 
by light signals. This is, of course, imrealistic. But I have 
little doubt that, if his cosmological views prove valuable, 
later workers will be able to replace it by a more realistic 
hypothesis. Given this possibility of signalling, and clocks, he 
shows how the observers can graduate their clocks and establish 
a geometry. There is nothing very surprising in tins. What 
is remarkable is that Milne claims that he can deduce some 
physical laws as necessary consequences of his basic assumptions. 
In particular he deduces a law of gravitation which reduces to 
Newton’s at “small” distances measurable in units less than 
thousands of light-years. 

This does not seem impossible. The law that the angle in 
a semi-circle is a right angle was first observed as being at least 
very nearly true. Then twenty-five centuries ago Thales 
opened a new era in human thought by proving that it must 
be true. Milne may be a new Thales. Of course, later 
mathematicians showed that Thales, and EucHd too, had made 
a number of concealed assumptions. The proof was not as 
simple as they thot^ht. And even if Milne’s theories meet 
with no stronger criticism they will doubtless meet widi this 
one. 

Milne claims that some, and perhaps all, physical laws are 
inevitably and rationally linked. He accuses those who say 
that laws might be otherwise of using “magical”, not tational, 
thinking. Dirac goes even further, and suggests that there is 
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nothing chanpy about the <ltttribation of the nutter in tbe 
universe, and ^t an alWise nuthenutician could deduce this 
too from a few postulates. I must uy I find this much harder 
to swallow. Ls^lace’s theory, that given a full knovdedge of 
the universe at one time one could d^uce its state at all times 
past and future, was difficult enough to believe. This is 
worse. But in so fiur as any elements in these theories are 
accepted this will be a signal triumph for rationalism as against 
theories which recognize an irrational element in die universe. 

However, if Milne simplifies natural laws with one hand, he 
complicates them with the other. Lengths may be defined in 
two ways. They may be referred to a material object, such as 
die standard metre, or to a wave-length of light, which has the 
merit that it can be reproduced anywhere. If all the standard 
metres were lost, they could be reproduced with an accuracy of 
about one in thirty million by reference to known wave- 
lengths such as that of the red cadmium line derived from 
spectroscopic observations. One result of Milne’s calculations 
is that the length of the metre, measured in standard wave- 
lengths, is increasing by about one part in two thousand 
miluon per year. If you like, you may say that the universe, 
including the standard metre, is expanding. But it is simpler 
for most purposes to say that atoms are vibrating quicker. It 
makes not the slightest difference to any observable pheno- 
menon which of these statements you choose. In feet, on this 
theory, and indeed on several others which have been worked 
out in less detail, many of the laws of Nature are changing. 
There is nothing arbitrary or haphazard about this change, but 
simply an increase in certain physical constants with the time. 

This has important philosophical consequences. If true, it 
rules out any meories of a cydical or recurrent universe. At 
a suffidendy early date the properties of matter were so 
diffoent, and in particular chemicu processes so sluggish, that 
life must have been impossible; or, to be accurate, material 
systems similar to any existing organisms could not have 
lived. Thus we can see why, even if the univsarse had no 
b^fiming, life has not got very fer yet. And in the fer future 
life will be im^ostible fi>r beings constituted like ourselves. 
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iltough it may be that our <]escendants will keep up witli 
dianges in the laws of Nature by natural or artiEdal evolution. 

Once ;^;am, I am sure that Milners theories, even if they are 
partially correct, will turn out to be too simple for the immense 
complead^ of the real world. But they give us at least an 
inkling of how posterity will think of natural laws. So £ir 
from being laid ^wn by the arbitrary word of a creator, they 
may prove to be a system as intimately and rationally knit 
together as the propositions of geometi^, and yet ch^ing 
and evolving with time like the forms or plants and animals. 



Cleomenes and Christ 


I T is obvious to any intellectually honest man or woman diat 
the gospels cannot be completdy true, for the very simple 
reason that they contradict one another. This is, of course, 
independent of the difficulty of believing accounts of miracles, 
which would remain if there were only one gospel. To one 
who approaches the gospels unhandicapped by a Christian 
education, they are obviously highly suspect. But many 
people educated as Christians would have been able to acc^t 
the miracles if the accounts of them, particularly those of tm 
resurrection, had agreed. In &ct, from a rationalist angle, it 
m^ht almost be said to be providential that the Church 
accepted four gospels, and not one; for this rendered some kind 
of criticism inevitable as soon as it was possible without the 
certainty of death as the penalty. 

Most biblical critics have been intensely interested in religion, 
so that they had a frir knowledge of non-Christian religions. 
So when it was admitted that the bible was not wholly true, 
and a search for sources began, it was natural that they should 
first turn their attention to non-Christian rehgions. Thus 
T. H. Huxley drew attention to Itnapishtim, me Chaldean 
prototype of Noah, and J. M. Robertson in Pagan Christs 
pointed out the number of incidents in the gospels which were 
paralleled in earUer accounts of non-Christian saviour-gods. I 
do not, I hope, underrate the importance of this work, but in 
this article I wish to suggest that there are other equally im- 
portant pagan sources, and that the affiliation of Christian to 
ps^an myth may often have been a secondary one. 

It makes no claim to originality. It is intended to call the 
attention of rationalists to the theory which was first presented 
imaginativdy by my sister Mrs. l^tchison in her historical 
novels The Com King and the Spring Queed, and The Blood of the 
Martyrs, and later in a more scholarly manner by A. J. Toynbee 
in volume 6 of A Study of History.’^ These authors point out 

> Oxford Univenity Pren, 1939. 
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die extraordinary ntmdia: of analogies between the story of 
Jesus’ last days, diose of a group of historical figtues. 

These figures belong to duree groups. Agis and Cleomenes 
were kin^ of Sparta in the 3 rd century b.c. who attempted to 
restore me ancient politick and economic equality of the 
citizens of their country. Tiberius Gracchus, Gaius Gracchus, 
and their companion Marcus Fulvius Flaccus, made similar 
attempts in the Roman republic. Lucius Sergius Catilina was 
more openly revolutionary, and Marcus Porcius Cato (minor) 
was one of the last definders of the republic against Julius 
Caesar. Aristonicus was a possibly illegitimate member of the 
royal house of Pergamus in Asia Minor who fiunded a “city 
of the Sun*’ in which equalitarian principles were put into 
practice, and which was soon destroyed by the Romans. 
Athenio, Eimus, and Salvius were leaders of slave revolts in 
Sicily. The objectivity of the analogies fotmd is, I think, 
supported by the fiict that Dr. Toynbee is a Christian, whilst 
Nfo. Mitchison is not. Thus any bias in these authors will tend 
to work in opposite directions. 

The reason why the very remarkable correspondences in the 
stories were not earlier stressed is, I think, to be found in two 
historical fitcts. In the first place the earlier stud^ts of 
Christian origins were more learned in religious than in secular 
history. In the second place they had not been appreciably 
influencedby die Marxist theory of the class struggle. Accord- 
ing to this theory the struggle between classes wimin states has, 
for the last several thousand years, been the main motive power 
behind historical events. Neither Mrs, Mitchison nor Dr. 
Toynbee are Marxists, but each has been influenced by Marx- 
ism, as have the vast majority of thinking men and womm of 
our time. 

It is quite clear that the class struggle is one source of the ideas 
of the gospels. Throughout them the poor are represented as 
morally superior to the rich. They are told that th^ are going 
to triumph over their oppressors. However this tnumph wifi 
occur in another world, as with Lazarus and Dives, or afier this 
world has been transfimhed, not by a human revolutionary 
eflbrt, but by a divine miracle. If the gospels have many 
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<h£^cnt sources, as seems pretty certain, it is of coarse quite 
possibk that some of these wore a good deal more revolution- 
ary than the existing documents, and that the “left” elements 
may have undergone a process of censorship. 

Christianity spread among men and women who were dis- 
satisfied not only with themselves, but with the world.- St. 
Paul did his best to centre the Christian life rotmd dissatis&ction 
with oneself, diat is to say a conviction of sin. He was largely 
successfid, and in consequence we probably imderestimate both 
the extent of the revolutionary component in primitive 
Christianity, and the cheerful character of most primitive 
Christians. For not only was Jesus described (if the gospels 
are to be believed in this matter) as a gluttonous man and wine- 
bibber, but in my own experience men and women who 
subsequently die for their convictions (as a feir number do 
today) are considerably jollier than the average. 

But let us turn from dxese questions to the correspondences. 
We must realize, to begin with, that the stories of such men as 
Cleomenes and Catiline, as they have come down to us, are 
highly mythical. These men wer? certainly historical figures, 
and Jesus may not have been one. But the story of Cleo- 
menes’ death, as given by Plutarch, who probably wrote later 
than St. Mark and earlier than St. John, seems to be taken from 
an older writer, Phylarchus, who lived in Egypt during the 
3rd century b.c. and is said by the slighdy later Polybius to 
have distorted the truth in the interest of ms hero Cleomenes. 


On the other hand we only know of Catiline through his 
political enemies such as Cicero. The authors of the gospels 
had almost certainly not read books on the lives of such mm as 
these, but it is highly probable that, as members of an oppressed 
class, and personally conscious of their oppression, tley were 
acquainted with the stories of their lives deaths. 

Toynbee lists no less than 87 points in the gospel story of 
Jesus which are paralleled in those of one or more of pagan 
heroes. Of th^ 26 occur in the story of Agis, and no less 
than 38 in that of Cleomenes. The next highest score is that 
of Tiberius Gracchus with 15 resemblances. The main points 
of resemblance to Cleomenes are as fidlows: 
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Royal descent, a fore-runner, a mother who (accorditw to 
St. John) believed in him, denunciation of the ruling riant, 
proclamation of a new society whose membership is based on 
merit, not birtb or wealth, personally a middle course between 
luxury and asceticism. Such are resemblances in the earlier 
parts of the stories. Naturally enough they lead up to an 
attempt by the authorities to kill the hero, which is difficult 
because of the hero’s popularity. I do not regard these re- 
semblances as very stril^g. The resemblances in the last days 
are of a wholly difierent character. Each hero has/had a mt 
supper with twelve companions on the night before his death. 
At each supper one of the twelve lay on the hero’s breast, and 
a traitor went out. However the traitor to Cleomenes was 
not one of the twelve, but a slave. Soon after this they meet 
the forces of law and order, and shed a little blood with a 
sword or swords. But the hero commands his followers to 
cease fighting (in Cleomenes’ case because the people of 
Alexandm wnl not rise in his support) .* The hero is mentioned 
as wearing a seamless shirt. He is crucified (in Cleomenes’ 
case after death). A miracle occurs (in Cleomenes’ case a 
great snake winds itself roimd his head). Hence he is hailed 
as the son of God (in Cleomenes’ case “A hero and child of the 
Gods”). The victim is afterwards given religious veneration, 
and pilgrimages are made to the place of crucifixion. The 
victim is not mutilated, as was usuah and gives a sign of Ii& (in 
Cleomenes’ case a twitch) when pierced after his apparent deadi. 

Toynbee furdicr lists 14 close verbal correspondences be- 
tween the gospels and the stories of the pagan heroes, of which 
6 are with the story of Cleomenes. Quite ftankly I think that 
he has slightly overstated his case, as I consider that Drews, 
Robertson, and other christologists, have done in the past, 
even though he might have added another parallel, a ^ht 
firom enemies into Egypt Nevertheless the case is sufficiently 
impressive to make me at least ftirly sure that the legoid of 
Jesus’ last days is in part derived fi:om that of Cleomenes, just 
as the legend ofhis early days, including the episodes of Simeon 
and the diabolic temptation, is in part derivra from Hinayana 
Buddhkt sources. 
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Fun^, a cortain ntimber of the analogies between Christ 
and pagan divinities may be derived indirectly through 
Ckomenes. Hie Spartan Idngs were supposed to be descend- 
ants of Horades. Cleomenes, who on tne whole looked to 
the past fcMT inspiration, probably took this seriously, and 
idenrified himself with Heracles to some extent. So probably 
did his biographers. The analogy of Christ and Heracles was 
of course obvious even to some of the fiithers of the Church. 

The resemblances to Agis, another revolutionary Spartan 
king, are very striking. For example Amphares’ betrayal of 
Agis resembles Judas’ betrayal of Jesus in several details, and 
Agis was hanged (not crucined) with two others. If I do not 
give these or other resemblances in detail I must remark that 
Toynbee devotes 164 pages to his argument. 

How were these stories transmitted to the compilers of the 
gospels? It is very unlikely that an early Christian had read 
Phylarchus or Plutarch, and delibaratriy incorporated incidents 
from their works into a proto-gospd. Mrs. Mitchison makes 
the brilliant suggestion that these legends were passed down 
among the illiterate slaves and proletariat of the Roman 
Republic and Empire not only orally, but by pictures. Prof. 
Toynbee devclo|» this suggestion without reference to her 
Work, and may have reached the idea independently. He 
illustrates the frequency of Graeco-Roman mural and other 
paintings of episodes both historical and mythological, by a 
wealth of example. Once such pictures were emotionally 
associated with social unrest and aspirations for a better society, 
they might very easily, and perhaps even without deliberate 
frlsifrcation, be transferred from one legend to another, as, for 
example, the clothing and scenery of pictures of the same 
religious episode varies from age to age. 

In this way Toynbee explains a number of curious and often 
irrelevant episodes in the gospels. For example the story of 
the young man who left a robe of fine linen in the hands of the 
officers of the Sanhedrin and fied naked could be based on a 
picture of Tiberius Gracdius leaving his toga in the hands of an 
assailant and fleeing in his shirt, and Pontius Pilate’s washing 
of his hands could to based on a similar action by Catiline. 
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“These scenes”, writes Toynbee, “which he had &iled to 
knit up into the main &biic ofnis work may have been virtually 
impossible for him to leave out for the reason dut his publk 
may have expected to find them in any Volksbuch in which 
the hero was presented in the role of a saviour.” Rationalists 
wiU find it harder to fi)Uow him when he suggests that (jod 
may reveal himself through folklore as well as mrough hist(Hy. 
If (knl is revealed through unconscious or semi'<dnscious 
filsification, why not through deHberate filsification? Mrs. 
Mitchison has no doubt embellished the story of Cleomenes 
even further than did Phylarchus or Plutarch. But she does 
not claim that her novels are history, much less revelation. 

The fiict is, I suppose, that in the last few centuries our 
standard of truth 1^ risen, not because of any great moral 
reformation of humanity, but because science is only possible 
if what many people regard as a meticulous attention is paid 
to truth. Scientists learned the importance of accuracy fiom 
manual workers, not fiom philosophers or historians. In some 
of the work which I am undertaking at present my life quite 
literally depends on an almost slavim respect for ficts. If I 
had distorted certain fiicts in a way which might have smted 
my preconceived notions I should now be dead, instead of 
merely having had convulsions. I find it difBcult to suppose 
that, if we can only reach the truth about parts of the universe 
by extreme accuracy, folklore is likely to help us to the truth 
about the universe as a whole. 

However this nuy be. Dr. Toynbee has, I believe, done a 
service to truth. He has thrown a new hght on the origins of 
Christianity. He has also helped in a field of investigation 
which is mely to become more important as Christianity 
becomes less so, the study of the lives of the poor and illiterate 
workers who formed the vast m^ority in the Roman Empire. 
The New Testament, and particularly the gospels, stands out 
fiom the rest of ancient Uterature by its peculiar directness and 
vigour. This has been ascribed to its divine origin. But it' 
can be explained more convincingly by the fict that the books 
of the New Testament are the only ancient books that have 
come down to us which were written by proletarians for 
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proletariaas about ecoletaxiam. The workers’ movement in 
the Roman Empire nnaUy developed into the Christian Church, 
vdikh abohshed or absorbed its compedtots, and finally sold 
itsdf to Constantine, leaving the workers lit^ Iwtter on. It 
is of g^t importance today to study how this movement 
developed, how it was canalized into a religious channel and 
finally b^rayed. Perhaps a study of these events may hdp 
the workers’ movemmt of our own time to avoid a similar 
fitte. 

In this connection it is necessary to study the origin of various 
Christian doctrines. *‘C]^calism”, wrote Lenin,* . . of 
course has epistemological roots, it is not groundless; it is a 
sterile flower undoubtedly, but it is a sterile flower that grows 
on the living tree of fertile, genuine, powerful, objective, 
abstflute human knowledge.” A geneticist can increase his 
knowledge of fertility by studying sterile flowers, such as 
those of double stocks. And those who are most concerned 
with human progress and with absolute truth cannot neglect 
to study the sterile flowers of theological dogma. 

> Selected Works, voL ii, p. 85. 



The Argument from Design 

I HAVE recently been reading Palcy’s Evidences of Christianity, 
as every good xatk>nalist should. Paley attempts, wim 
very great slofl, to prove the existence of a creator &om the 
design of living organisms. 

Of course a go^ many of his arguments were met by 
Darwin. It is dear that, given the &cts of heredity and varia^ 
tion, organisms tend to adapt themselves to their mvironment 
without any consdous planning by themselves or anyone else. 
But it is by no means proved that the whole course of evolution 
from single-celled organisms to oaks, daisies, ants, and men 
can be esqtlained on t&se lines. 

There are real difficultus in the evolution of such an organ as 
the eye, where many parts must vary together to produce an 
improvement. I have hied to meet them from a neo- 
Darwinian standpoint, but my argument is not so strong as 
the general' argument for natural selection. Again the evolu- 
tion of instincts presents great difficulties. t 1^ cannot be 
inherited memories in the most interesting case, that of social 
insects. For since the ancestors of worker bees and ants were 
not workers, the workers have instincts quite difrerent from 
any of their ancestors. The chemical organization of 4 cell is 
immoisely complicated, and it is hard to see how an organian 
could work at all unless it were of extreme chemical com- 
plexity. If so the very frrst steps in evolution are the hardest 
to esmlain. 

I tmnk theteffire that a reasonable man diould be prepared 
to examine aiguments vdiich assume a measure of wsign in 
living creatures, even though I do not personally think that 
they are cement. 

Now Paley imagined an intelligait savage piddng m a 
watdi, and condudmg fru& it had been deigned. He men 
argued that animals show £u more evidence of desi^ than 
wautdies. And Ik next argued that the designer had many of 
the dharacters of the god whom he worship]^ . 
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To my mmd his ai^gument leads to a radically <Merent con- 
clusion. Let us suppose an intelligent sav;^e to come upon 
one of the African battle-fields of die present war, and to 
. examine tanks, artillery, rifles, land mines, and other weapons 
left bdiind in the desert. He might well conclude that mese 
weapmis had been designed. But a slight further exercise of 
inteUigence would convince him that mey had not all been 
designed by the same person or group of persons. He would 
condude tnat the Biidm weapons had been designed to destroy 
the German ones, and conversely. He might have a little 
difficulty if he got evidence that the Germans and Italians had 
had a scrap on meir own, but we may omit this complication. 

Now the most conspicuous features of animal organization 
are those which are designed (if they are designed) for competi- 
tion with other living creatures, and often for their destruction. 

' All animals live by eating other animals or plants. They may 
kill them, as we kill rabbits and potatoes, or merely eat parts 
of them, as we eat parts of the apple tree and the fiea drinks 
parts of us. A few, such as me blow-flies, beetles, and 
“worms”, actually mostly insect larvae, which eat our bodies 
if they get the chance, only eat dead food, apart fiom bacteria. 
And th^ exceptional pacifists are not the noblest of animals. 
The plants generally compete by pushing rather than biting. 
Look at a pmtain spreading its leaves over the grass of your 
lawn, or a tree cutting off the sun fiom the plants below it till 
they die. Though only a few plants, like the sundew and the 
mistletoe, actually eat other living things, they are all engaged 
in a merciless struggle fer life. 

Of course biologists have devoted much of their time to the 
internal coordination of organisms. I^ this is attributed to a 
designer it diows very great ingenuity, and no malice. How- 
ever a tank resembles a motor car or a tractor in many of its 
fedtures. But its essential function is to carry a gim for the 
purpose of destruction. And when we consider animals, not 
in terms of the relations of their pihts, but of their relations to. 
other animals, the same is true of them. 

If then, animals were designed, they were des^ped £x 
■ mutual datruction. If th»e was me designer, he is (s was a 
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bdn^ widi a passion €ac slaughter Eke that of die andeni! 
Ronums, and the world is lus Coliseum. A much mote 
reasonable consequence of the hypothesis of design is poly'^ 
theism. If each of the million or so animal species were t^ 
product of a different god, theh mutual struggle would be 
intelligible. One must particularly admire the ingentlity of 
the creators of some of the parasites, pardcularly diose with 
several hosts. For example the <%enetic trematode worms 
such as Bilharzia, which pass one generation in a water snail, 
and another in human beings, causing an extremely painful 
chronic disease often terminating in cancer, are amazing pieces 
of work. So are the malaria parasites, which live alternately 
in mosquitoes and hiunan bloc^. 

A seaman dying of thirst on a raft may well curse White- 
head, who invented the torpedo. Trematode larvae slirround- 
ing a water snail and ramming their firont ends into it look 
remarkably like litde torpedoes when seen through a micro- 
scope. And unlike the human creation they multiply inside 
their victims and produce another generation which kills men 
or sheep. In fict Whitehead was a mere amateur compared 
with the creator of Bilharzia. 

Wherever Paley’s argument leads, it docs not lead to Christi- 
anity. If pushed to its logical conclusion it forces us to 
belieye in a malignant creator, or more probably, in a number 
of malignant creators. Certainly this creator or these creators 
are not wholly malignant. The world of Hfe contains a great 
deal of beauty and pleasure. But one can only admire the 
beauty by closing one’s consdousness to the pain and irqustke 
which are bound up with it. A biologist who has spent his 
li& in the study of parasitic animals must inevitably smother 
his feeling of pity to some extent, and tend to take human 
misery and injustice for jgranted.'. 

But the moral eEect o^e belief that the world was made by 
a benevolott and almighty creator is vastly worse. Mr. 
Lewis’s recent book The ScrewU^e Papers, is a good example of 
hs e&cts on an intel%ent man. The book is supposed to be 
wihten by a devil. devil is strongly in fivour of modem 
medical praetke, which in many cases has robbed death of its 
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pam asd taxot. He is by no means enthnsiastic aboat war» 
■wbidi gives many pec^Je tbe experiences of soflfecmg needed 
to turn tbeir numb m God. 

If the w(^d of nature is God’s plan, dien attempts to banidi 
pam are comxaiy to this plan. So are attempts to perfect 
ouman Kxdety % eliminatmg the various evin whidi men 
indict on one another. The religionist can point out the im- 
possibility of eliminating cruelty and injustice com|detely. 
Nor can one dhninate pam completely. But it is possible to 
reduce it to sudh a leva that for years one may have no pain 
vdikh interferes with normal action and thought. And 
Marxists, among others, beHeve that by applying scientific 
method to human affairs, it will be possible to cut down in- 
justice and cruelty to a similar extent. All Buddhists, most 
if not all Hindus, and most Christians, believe this to be im- 
possible, and further, that it is aj;}angerous illusion to think it 
possible. Conversely those who think that the establishment 
of “heaven on earth” is something worth trying, must regard 
the regions as dangerous illusions, whatever services they 
have rendered to men in the past. 

Darwin made it reasonable to rgect the argument firom 
dengn, and the evil God or gods to which it leads, if carried to 
its logical conclusion. We have not yet realized what an 
immense advance in our moral ideas this has rendered possible. 
Naturally enot^h many of the early Darwinists retained the 
veneration for nature which is justi^ble if it is God’s handi- 
work. They therefore used Darwinism to justify various 
forms of human struggle, including war aM unrestrictol 
economic competition. T. H. Huxley, by contrasting the 
ethical process and the cosmic process, did his best to combat 
this tendency. But as he took so much of the structure of the 
society in which he lived for granted, he underestimated the 
power of the ethical process. 

Today we see that cut-4hioat competiticm, both between 
species and toa less extent within them, was a necessary condi- 
tion of evtdution. We also see that it is fo no lot^jer. We 
can ccmtrol the evolution of animals, and make unpsecedented 
creatures, such as the Jersey cow and the Angora mbbit, for 
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our neecb. We sfadi be able to control our own, though very 
feftunatdy we do not yet know how to do so. My own most 
important scientific work has been to accumulate some of dtt 
preliminary knowledge, for example to map some of the genes 
on a sectmn of one of the 24 pairs of human chromosomes. It 
is abundantly clear that the amount of such preliminary work 
needed is so great that we shall hot have the necessary know- 
ledge for some centuries. By this time a Marxist may reason- 
ably hope that human society will be so fer improved that there 
will be agreement on the innate characters ^irable in man, 
and willingness to alter our breeding habits accordingly. 

We can look ahead of this. If human society is brought 
near to what we should now regard as perfection in the next 
few thousand years, our descendants find nature pretty 
revolting. The scream of a rabbit caught by a weasel wifi 
be as horrible as that of a rabbit in a trap to sensitive ears today. 
If we abolished weasels, sportsmen, and other enemies of rabbits 
today, rabbits would increase till they did vast damage to 
crops and trees, and were finally kept down by disease and 
starvation. Over-production, as Darwin saw, is a universal 
character of living things, and a necessary condition for natural 
selection. To abolish the needless pain of nature we should 
need to check this over-production, as we already do to some 
extent with our domestic animals. The lion and the lamb 
will be able to lie down together when we can provide the 
lion with a diet high in proteins not derived firom lambs, but 
from vegetable or synthetic sources. 

Speculations of dus kind may seem ridiculous m the middle 
of a war. I believe that they are justified because we are apt 
to think that since widesjpread misery is part of nature, it is 
therefore unavoidable. Those who are opposed to a radical 
reconstruction of human society naturally t^e this view. 

It is also important that rationalists should examine the argu- 
ments brought forward in fevour of various religious dogmas, 
and see -whece they really lead. Defenders of religion in- 
variably stop in the middle. Thus the argument firom design 
leads on to polytheism; the principal arguments for the imr 
mortality of the soul al^ prove dut it is not trammelled by 
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space, and dherefiTce omnipresent. The argument, which is an 
essential part of CadiolK dieology, that God must have 
founded an institution to prodbum ^ will to mankind leads 
directly to atheism. For if there is such an institution it must 
be the Catholic or the Orthodox church. And their records 
prove that they are for foom divine. Similarly an idealist 
cannot logically stop short of solipsism. 

It is essential that we should st^y foe economic and social 
migins of religious beliefo, and foe irrational but profound 
psychological needs which they partially safofy. But as long 
as these bfoefi are alleged to be capable of rational proof it is 
our interesting, and sometimes amusing, duty, to study these 
alleged proofo, and to see what, if anyt^g, they really prove. 



Planets of Other Suns 


C opernicus, who died four hundred years ago, made 
it highly probable that opr earth and me other planets 
go round the sxm. Soon af^ his death other scientists 
suggested that the fixed stars were bodies like the sim, sur- 
rounded by their own planets, some of which might harbour 
inteUigent animals like man. This was one of me opinions 
for which the Pope’s executioners burned Bruno. 

In the 1 8th century, materialists generally believed that there 
were man-like creatures on other stars. This beUef was 
strengthened when, in the early 19th century, the distances of 
some of the fixed stars were measured, and it was found that 
they gave us about as much light as the sun would do firom the 
same distance. 

However, even a large planet moving round the nearest 
of the “fixed” stars could not be seen or photographed with 
any existing telescope, much less with those of fifty years ago. 
And astronomers tovmd it very hard to explain how planetary 
systems could originate. A collision between two stars, or a 
very close encounter, might account for a fiimily of planets, 
but it is unlikely that they could arise through the condensation 
of matter originally dispersed round a star. The stars are so 
fiir apart that collisions or close encotmters are very rare. 

So some astronomers took the view that our own planetary 
system was unique, or very exceptional. If so, it could be 
argued that, in spite of appearances, our earth was the most 
important object in the xmiverse. Curiously enough, this 
argument was used in support of rehgious belieft,/although of 
course Christianity, Islam, and other reUgions agree in teaching 
that our world was created much as it is now. So any argu- 
moit based mi its being due to a chance collision is definitdy 
anti-religions. ' 

In June 1943 a discovery was made which suggests that, after 
all, planets may be quite common, and that perhaps the 
majority of stars may possess them. K. Strand, of Swarthmote 
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Observatory, in Pennsylvania, made a verv aocmate series of 
olxervatiom on die movements of doubfe stars. Double 
^ars, that is to say, pairs of stars about as heavy as our own 
sun, and revolving round their common centre of mvity, are 
quite common. To the naked eye they look like a single 
star, but a moderately good telescope separates them. 

One of the nearest pairs is m the constellation of the Swan, 
and is called 6i Cygni. Strand found that the distance apart 
of these two stars did not vary in the regular way which had 
been calculated. But the irregularity could be explained if a 
large planet were moving round one of them. For it is not 
stcimy true to say that a planet revolves round the sun. They 
both revolve round their common centre of gravity. For 
example our sun does not move in an almost straight line 
relative to the neighbouring stars. It follows a shghdy 
tortuous path because of the gravitational attraction on it of 
die planets. Strand calculated the mass of the body which was 
throwing the star out of its predicted path, and found that it 
was about i6 times that of the planet Jupiter. It is a good deal 
nearer to its stm than is Jupiter to our own, and moves in a less 
nearly circular orbit. 

Two other double stars show irregularities of the same kind, 
but the measurements are not exaa enough to determine the 
mass of the planets as yet. They do show that {Janets are not 
uncommon. In another ten years we should know the masses 
of a number of further planets of other stars, and, above all. 
Strand’s theory will have been tested by prediction, as every 
scientific theory worth anything must be tested. Very likely 
Strand’s planet is not suited for ufe any more than are most of 
the planets moving rotmd our own sun. But if even one star 
in ten in our. own galaxy has planets, there must be millions on 
which life is possible, and probably many thousands where it 
has devdoped further than on earth. 

In his Dialectics of Nature Engels stated his belief dut this 
was so. Many centuries will probably elapse before we have 
any direct evioence of li& in other planetary systems than our 
own. But we can certainly say mat recent work makes it 
mote probable. 
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If diae ace intdlligmt bangs in other worlds, this does not 
le^ our rcroaosibiHty for our own world. It does mean 
that we have less reason than ever to regard the opinions of 
eminent men of the last two or three thousand years as “eternal 
values”. They are the opinions of inhabitants of one particular 
world-at one particnlar period of its history, the period of cla« 
society, whim is now coming to an end. The study of 
astronomy may make man feel small in comparison with the 
universe, but it should also make him foel great when he 
considers his responsibihdes. We are fighting today not 
maely for ourselves and our children, but for the future of the 
star on which we five. . 



Mr. Bol&y and the Sun 

I AST week I went to Tames Bridie’s Mr. Boljry, wbich is 
y about two bored soldiers who conjure up a devil in a 
Free Church Manse in Scotland. I didn’t tmnk it was as 
good as Dr. Faustus or M<m and Superman, let alone Fausf, but 
it is rather hard to fit the devil into a play of the present day. 

However, I thought the non-miracmous portion was quite 
a good show, and particularly enjoyed a conversation where the 
minister got the better of his sceptical opponents. As a 
counterblut to doubters of the story of Jonah, he produces the 
life history of the liver fluke, which he gets badly wrong, as a 
minister well might. But neither the other characters in the 
play nor the dramatic critics know enough biology to catch him 
out. In feet Mr. Bridie ptdls his audimee’s leg rather neady. 

The Reverend Mr. Macrimmon also asks a young woman 
how fiir off the sun is, and when she answers “90 million 
miles”, she has to admit that she believes an important feet 
about the world without any idea of the evidence for it. And 
if she swallows that whole, why not the biblical stories of the 
creation and flood! The moral is that if you must argue vrith 
clergymen, you had better know some science. 

Without being ah astronomer, I could have given the Wee 
Free Minister four reasons why people beheve that the sun’s 
average distance is about 90 muHon miles. I assume that for 
purposes of argument he would grant me that the rough shape 
of the solar system is known, that is to say that the pknets go 
rotmd the sun in nearly circular orbits, that of Jupiter being 
nearly five times as long as the earth’s, and so on. 

In that case we can calculate any distance within the system 
if we know one, for example, that betweoi the earth and Mars 
at one particular moment. And this can be obtained on the 
princij>fe of the ordinary range finder. The gunnery officer 
on the Duke of York got the Schamhorsfs range by looking at 
her throt^ a range-finder so designed that the angle between 
the rays of l%ht comh^ fiom the Sthamhorst to two points on 
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the Duke of York enabled tbe distance to be rfllm UiyH anto- 
xnatically. In moch the same way we automatically ja^e the 
distances of near objects from the fret that they look a little 
di£^ent from our r^ht and lefr eyes. If a planet, say Mars, is 
photographed at the same time from England and South 
Africa against a background of frint stars, it appears in slighdy 
difl^rent positions, just as an olnect 10 fret away does against 
more distant things when we shut one eye at a time. More 
accurate results are obtained with smaller planets, invisible 
without a tele^ope, which come nearer to us than Mars. But 
all measurements give much'the same answer for the size of the 
solar system. However, the history of science shows that there 
may be some error common to a whole class of measurements, 
so it is always well to check them by some other method. 

The planet Jupiter has a number of satellites which go round 
it as our moon goes round the earth. Some of these ofren 
enter its shadow and are eclipsed. The times of the eclipses 
were calculated, but the eclipses are about a qiiarter of an hour 
late on schedule when Jupiter is furthest away from us. This 
lateness is exaedy explained by the fret that light takes about 
a quarter of an hour to cross the earth’s orbit. And as the speed 
of light can be measured in a laboratory, this gives us our 
figure of 90 million miles by' an independent method. 

Again as our planet moves through space it sweeps up litde 
particles of stone or metal which we see as shooting stars when 
they enter the air at high speed and flsue up. As the earth’s 
rotation on its axis is related to its passage round the sun in the 
same way as the spin of a ball-bearing to its motion round the 
tode, we can see that the largest number of shooting stars from 
vertically overhead are to be expected about 6 A.M. This is 
borne out by actual counts, and observations on the speeds and 
numbers of shootii^ stars show that the earth is moving at 
about 18 miles a second, as it most if it moves round an orbit 
of 180 million miles across, each year. The estimate is n<M 
very accurate, but it is clear that the speed is not fiir from -this 
value. 

Again, light reflected firom an object moving towards os is a 
litde bluer dian ifit were stationary, that from a receding object 
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a Jitde ledddr. For tise waves are crowded tof^etber by die 
approach, dnoe eadi one has a slighdy shortor distance to 
travel than the one before it Once more, this principle gives 
about the i^it speeds for die relative motions of the planets. 

A numba of other figures agree, for example a comparis<m 
of the earth’s gravitational ptm on the planet Mars with its 
known pull mi the moon. But one attempt to get an estimate 
of the earth’s speed gave the wrong result. In the is>di 
cmtinyr it Was thought that light was transmitted throt^h the 
ether, which was while material bodies moved through 
it. If so it would be possible to compare die apparent speeds 
of light in the direction of the earm’s motion and in the 
opposite direction. The latter should have been bigger, jim 
as a wind seems fitster if you are cycling against it. But 
Michelson and Morley found they were the same, and it took 
th^enius of Einstein to explain why this was so. 

lhat is why it was important to confirm the estimate of the 
sun’s distance in as many ways as possible. The range-finder 
principle turned out to oe quite reliable. And we are gettiug 
more and more evidence tn^ the same principle holds for the 
distances of the farther stars, usiz^ the diameter of the earth’s 
orbit, i8o million miles, instead ofthe 6000 miles or so between 
two points on the earth, as a base line. 

I should like to have a chance of debating the questions which 
Mr. Macrimmon raised in the play with a well-informed 
clergyman. Unfortunately such debates are not held in this 
country. In 1918 the present Metropolitan of the Orthodox 
Church of Russia held public discussions with the Soviet 
(ximmissar Eunachardd, and they drew big audiences. Un- 
fortunately the B.B.C. was always chary of broadcasting dis- 
cussions on really important matters, whether of pcmdcs, 
economics, or reli^on, and has now given them up conqiletely. 
I hope that as soon as the B.B.C. governors cease to r^resent 
B^ Buaness, fiee discussions will be allowed, partkolarly on 
the basic tmets of religion. This would lead to a h^ier 
standard of accuracy both by the clergy and their opponents, 
and dour a lot cu doppy thinkmg which does no good to 
anyone. 



Naming the Stars 

F ire watchers get to know the look of the stars, even if 
they do not learn their names. When the Daily Worker 
is a hall-fize eight-page paper it will probably publish a star map 
several times a year, with notes on ^ positions of the planets, 
and other matters tlut change &om time to time. But by then 
the m^ority of our dty dwellers will see little of the stars. 

Without a map it is hopeless to try to teach star naming. 
But I have been asked to write something about die nalmes,- 
for die benefit of those wjio know them. There are 78 named 
constellations, or groups of stars, though only about half of 
them are visible fiom England. Primitive men prob^ly had 
names for a few striking groups, both large ones such as the 
Plough and Orion, and small ones such as the Pleiades. 
Naturally they were called after a fancied resemblance to 
common objects. Thus Orion and Canis Major were called 
a hunter and dog in the northern hemisphere. In the southern 
hemisphere they are seen upside down firom a European 

! )oint of view, and die dog bwomes a boat, the hunter a net 
et down fi:om it, in Maori mythology. 

Most of our names are derived fixim the ancient Greeks, and 
the constellations visible firom Greece were described about 
350 B.C., along widi some only visible from fiirther south. 
Naturally those round the South Pole were not named, so 
there is an empty space on a Greek star map. But this empty 
space is not round the present South Pole, or that of 500 B.C., 
but round the South Pole of about 3000 B.c. For the pole 
of our earth does not always point in the same directi<»i. Oa 
the contrary, it traces out a circle in the sky, with a period of 
26,000 years. The present pole star is a fi|tr guide to the true 
north, being only one degree away from the true j^e. It 
was not such a good gui^ 2000 years ^o, and win not be 
2000 years hence. In 13000 b.c. Vega, a brigln star in the 
const^tion called the Lyre, was pole star, and will be again 
in A.111. 13000. 
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So the comtdlatiosis in the north, round the equator, and 
inunediately soudi of it, must have been named neatly 5000 
yean ago, almost certainly in Iraq. The Creeks gave many of 
them new names, but stuck to die old arrangements. The 
sun, moon, and planets all appear to move along a path among 
the fixed stan called the zodiac. Some people, such as the 
Arabs, divided it into 29 “houses”, so that the moon moved 
into a new one every night. The Babylonians and Greeks 
divided it into iz signs, so that the sun is in a differ^t one each 
month. We have adopted their scheme, though only two of 
die constelladons, the Scorpion and the Crab, remind me of the 
'animals after which they are called. Many of die constella^ 
dons outside die zodiac were called figures in Greek 
mythology. 

When Europeans sailed to South Afiica and South America 
they saw a number of unnamed constelladons, and these had 
to be named. In addidon a few names were given to spaces 
in the northern sky with no bright stars. There was consider- 
able compeddon. An Et^lish astronomer tried to call a 
group of stars “Robur Caroli”, after the oak tree where 
Charles n hid afier his defeat at Worcester; but this name did 
not sdck. The only modem figure to get a place in heaven 
was the Polish king John Sobiesld, who saved Vienna fi'om the 
Turks in 1683, and whose shield is a southern constelladon. 
Many of the southern constelladons were named by a French 
astronomer called de LacaiUe in 1763, and have names such as 
the Telescope, Microscope, Airpump, Octant, and Compass. 

In 1627 Schiller attempted a revoludon. Heaven was to 
be made Christian. The signs of the zodiac became the 
twelve apostles, Orion’s dog was called David, Androm^ 
the Holy Sepulchre, and so on. But as far as names are 
concerns, heaven has remained pagan. In June 1943 Mr. 
Herbert, M.P., made suggesdons whim are probably likely to 
meet the same fiue as Schiller’s. 

Besides the constelladons, a fitw fixed stars have names of 
their own, mostly Arabic, for example Algol, meaning the 
demon, a variable star in Perseus, vdiose light is dimmed every 
<$9 hours by an ecUpse. The brighter stars are named by a 
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Greek letter and die name of die constdladon to which d^ 
belong. For example Algol is called Beta PerseL Otbm ate 
called by Roman letters and numbers, but the Winter stars ate 
listed by two numbers corresponding to ladtude and longitude. 

Why has not this ancient system been superseded by a more 
scientific one, as with animals, plants, and minerals? One 
reason is that the constellations ate not natural groups. They 
are merely sets of stars which happen to be in nearly die same 
direction fiom die sun at present, though one star may be a 
hundred times further off than another. There are natural 
groups' of stars. Thus all the Pleiades are at much the same 
distance, and the five central stars of the Plough, with Sirius, 
are moving parallel to one another. But only a few stars can 
be grouped in this way. So at present one can suggest no 
satisfactory method of renaming the stars. 

Perhaps in the future, when men have agreed among them- 
selves as to what is most worth commemorating, the stars will 
be named afresh. Thus the Hyades might be called Newton’s 
Prism, Orion Lenin, and the Swan the Aeroplane. But we 
do not know what human achievements posterity will wish to 
honour, and we have many more important d^gs to do at 
present. 

Even if the constellations are named afiresh, they will gradu- 
ally change their shapes and break up. If a competent 
astronomer fiom ancient Babylon could be resurrected today, 
he would certainly notice a slight change in the shape of the 
Plough. In a hundred thousand years the constellations will 
probably be unrecognizable. But long before that time our 
descendants will probably know enough about the stars to 
name them in a more rational manner than after Greek demi- 
gods and out-of-date scientific apparatus. 
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Machines that Think 


E very and-alrcraft battery includes a predictor. This is 
not a mathematician, but a machine wmch, when pointers 
on it are turned so as to correspond to the direction, 
height, speed, and so on, of an enemy aeroplane, predicts where 
it is going next. More accurately it tells the gunner the 
direction, angle of elevation, and fu2e setting, needed to 
bring it down. Corrections are made for the wind speed and 
other factors. 

Of course the aeroplane is seldom brought down, partly 
because the observations are seldom quite right, and still more 
because the pilot who is being shot at may change his course 
while the shell is in the air. And a modem bomber travels at 
quite an appreciable fraction of the speed of a shell, so he has 
me needed time. Fortunately a doomebug cannot dodge. 

The necessary calculations would take an expert some 
minutes, or even hours, to do, yet the machine does them in a 
fraction of a second. The predictor is one of a number of 
machines which today are doing work which was supposed 
to be possible to the mind only. For in mathematics theory 
got divorced from practice for a long time, and has still not 
been fully united. 

We know a good deal about how mathematics, as opposed 
to aridunetic, t^an. If you had asked an ancient Sumerian, 
living in what is now Iraq, how big a field was, he would have 
answered “6 bushdb”, tms bang the amount of seed needed 
to sow it. After a while some bright naan found that if two 
fields were rectangular, but one was twice as long as the other, 
and three times as broad, it would need six times as much seed. 
In such ways as this geometry began. But it took a long time 
before people measured fields in acres or other measures of 
area, instead of bushels, and discovered how to find the arftt of 
a field by linear measurements with a cord or a chain. 

For thousands of years mathematics remained a mere collec- 
tion of roles, even if they were very complicated rules &>c 
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|)redictii:^ the position of the stars. No-one seems to have 
tried to show that these rules must be so, any more than we try 
today to show that all animals with backbones must have 
red blood, or that the earth must have only one moon. Then 
the Greek philosopher Thales made a great discovery. He 
showed not only that the angle in a semicircle was a right 
angle, but that this must be so. That is to say if you join the 
two Olds of a semicircle to any point on it, the two lines must 
always make a right angle. Starting firom this discovery the 
Greeks produced a science of geomet^ in which most compli- 
cated properties of figures made of straight lines, cirdes, 
and a few other curves, could be proved, starting firom a few 
simple laws which were taken for granted. 

This was a great advance, but it was a one-sided advance, 
for it made them despise any scientific truth which could not 
be proved in this way. This scorn arose fiom a contempt for 
manual labour which was inevitable in a master class where all 
the hard Avork was done by slaves. And so the ancient world 
made linle technical progress, and did not get far in those 
branches of science, that is to say all branches but mathematics, 
where technical means, such as telescopes, microscopes, accur- 
ate balances, thermometen, and so on, are needed. And their 
philosophies were generally idealistic. That is to say, they 
telieved that thought came before things. 

Then the slave civilization collapsed, and in the so-called 
dark ages little intellectual progress was made. But the 
workers gained a great deal of freedom, and during this period 
suck great inventions as the horse-shoe, horse collar, windmill, 
clock, and rudder were made. 

When mathematical progress began again, it was still on 
the 'Greek lines. Everything had to be proved firom first 
principles. Only a century ago the first calculating machines 
were made which really saved an appreciable amount of human 
labour. At first they were simple, and did not involve any 

E rindples beyond complicated systems of cog-wheels. But 
Iter on electrical as well as mechanical methods were em- 
ployed. Using such methods we can solve problems in a few 
minutes, which would have taken many days on paper. For 
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example we can find the answer to twelve simultaneous 
equafions. 

For a long time the “pure” mathematicians despised such 
machines, saying that they were only good for en gineering 
problems. But there are no *'purer” problems than die 
properties of whole numbers. And one of the latest of these 
machines will find the fiu:tors of very large numbers, which is 
no joke to do by ordinary methods. For example if you 
want to find out whether 10379 has any fiuxors, it is mough to 
divide it by every prime number up to loi, its approximate 
square root, that is to say by a, 3, 5, 7, 1 1, and so on. But if we 
try this on a number of 21 figures, we may have to divide it 
by every prime number up to ten thousand million; and there 
are several hundred million of them. Yet the machine in 
question, which includes a photo-electric cell, will give the 
answer in a few minutes. 

Odier machines solve much more practical problems, for 
example the problem of how best to regulate the temperature 
of a mmace, or the course of an aeroplane flying blind, so as to 
give the quickest possible return to normal after a deviation, 
without oscillations round the correct temperature or course. 
This particular machine will also do work corresponding to 
many months’ calculation in a tew minutes. This entails some- 
what of a revolution in mathematics, which seems destined to 
become more like the other sciences, and less based on “pure 
reason”, which of course is a fiction, because you can’t reason 
about nothing. 

In fact mathematics is coming more and more to rely on 
instruments, as the other sciences do, and is being liberated 
from the extreme idealism which it inherited firom the Greek 
slave-owners. Among other things this will probably mean 
tiut children in future will have a good deal less mathematics 
to learn by heart, and will be able to make a great deal more 
use of them than today. So the antt>aircraft predictor may be 
a step towards the goal of making mathematics the servant of 
humanity, instead of a source of puzzles for professors and 
dreary homework for children. 



Measuring Time 

W HEN we use such an expression as “the progress of 
science” we are apt to think, on the one hand, of 
inventions such as the electric motor, the microscope, 
or the anoplane, or of theories such as the theory of gravita- 
tion, of chemical atoms, or of evolution. But besides these 
qualitative steps, we may roughly gauge the progress of science 
by the accuracy of measurements. Every skilled worker 
knows that these determine the accuracy and efficiency of 
craftsmanship to a large extent. But they also determine the 
progress of scientific meory. A theory which has been good 
enough for some centuries may at once turn out to be inade- 
quate when die accuracy of a measurement is increased a 
hundred times. 

A historical survey of some kinds of accuracy is given by 
H. T. Pledge in his historical work Science since 1300,^ a book 
written for scientists rather than the general public, but yet full 
of interest for skilled workers who want to understand how 
science developed. He devotes considerable attaidon to the 
measurement of time. Some unknown man or men of genius 
invented the sun-dial thousands of years ago, perhaps in Egypt. 
This enables the time to be read within ten minutes or to, and 
is very usefiil in countries where clouds are rare. 

But in the cloudy countries of northern and central Europe 
die sun-dial might be useless for weeks on aid. So the clock 
was invented during the Middle Ages, almost certainly by 
monks. This was an enormously important invention, for it 
led to such relatively complicate principles as that of gears. 
Hie early mediaeval clocks might gain or lose a quarter of an 
hour per day, and had constandy to be set by the sun-dial. 
And even at ffie end of the Middle Ages the best church clocks, 
some of whidi survive, might be out by five minutes in a day. 
In 1657 the Dutchman Huygens fint used a pendulpm to 
r^ulam a dock, and a few years later Hooke, in England, 
( Stationery O&x, 7s. 6d. 

88 



MEASURING TIME 89 

employed a spring like the hair-spring of a watch. As a result 
die error was cut down to about ten seconds per day. And 
now a great possibility opened up. The measurement of 
latitude is relatively easy. In principle one could calculate it 
most sinmly from me height of the pole star above die horizon, 
if d» pole star were due north. Actually the method is more 
complicated, but it does not involve accurate knowledge of the 
time. 

A similarly simple method of finding longitude would be 
to find out the dme at which the sun was highest, provided one 
had a clock keeping a standard time. The actual method is 
again more complex. Now the earth turns through an angle 
of one degree in four minutes, so an error of only ten seconds 
of time would mean an error of one twenty-fourm of a degree 
in latitude. This is three miles at the equator, and rather less 
than two in the neighbourhood of England. But unfortim- 
atcly in a voyage of several months the clock’s error might 
mount up to hundreds of miles, so the early clocks were Httle 
use for navigation. However, within a century the accuracy 
was still further increased, mainly by compensating for the 
changes caused by temperature in the length of the pendulum 
or the elasticity of the spring. 

In 1761 Harrison produced a chronometer which received a 
British Government prize, and played a big part in founding 
the British Empire. Its daily error was about a fifth of a second, 
so even after a month’s voyage the error of distance was only 
about a mile. Greenwich mean time and the meridian of 
Greenwich became universal standards. 

Measurement is economically necessary in the case of 
commodities, and just as wheat is measured in bushels, cloth in 
vards, and meat in pounds, so labour power is measured in 
hours. In the class struggles of the 19th century the length of 
the working day was one of the main questions. This was 
only possible because clocks which were accurate to a minute 
or so were fiiirly cheap by that time. 

By 1900 the daily error had bear reduced to a hundredth of 
a second by keeping the air pressure constant, and the modem 
Shorn dock, vmose pendulum swings in a vacuum, is sdll 
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more accurate, dtough no dock is yet correct to a thousandth 

of a second po: day, or one part in 86,400,000. 

But die httt docks are probably rather better time-keepers 
than the eardi. The day must lengthen if the ice at the poles 
melts, and the resulting water flows towards the equator so that 
it has to move farther in a day, and therefore the earth slows 
down. It is at least possible that such changes are now being 
detected. 

Pledge also gives figures for the accuracy of weighting. 
Numerous andent wdghts and balances have been found, and 
in the dry dimate of Egypt they are little corroded. So we 
can say that as early as 1000 B.c. the error in wdghing had been 
reduced to 2 grains, which is good enough for most commodi- 
ties except predous metals and drugs. The Romans reduced 
diis to about half a grain. By the end of the Middle Ages it 
was a tenth. The modem chemical balance, with steel loiife- 
e<^es on agate bearings, came in about 1825, and reduced the 
error to a hundredth of a grain. This is better than is needed 
for any economic purposes, except perhaps the wdghing of 
gold. But it made modem chemistry possible. For Dalton’s 
atomic theory was just being accepted, and it was necessary 
to determine the ratios of the weights of different atoms with 
great accuracy. 

Towards the end of the 19th century another great step was 
taken. When the barometer is high, that is to say the air is 
denser than usual, a light substance such as glass appears to lose 
wdght relative to a brass or platinum standard because it is 
buoyed up by the air, just as a pendulum swings more slowly. 
So by wdghing in a vacuum the error was reduced to a 
thousandth of a grain. Since then there have been still further 
advances. One result of accurate weighing has been to prove 
that atomic weights were nothii^ definite, since most if not 
all elements are mixtures of di^ent kinds of atoms with 
different wdghts. So just as the day is proving useless as an 
ultimate standard in time measurement, though it is the only 
possible practical standard, atomic weights luve no absolute 
values, though every chemist uses them in practice. 

This seems to be the general fate of sdentific measurements. 
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People usually make them first for some economic reason. 
Then they prove to be of importance for settling scientific 
problems. But after a while they become meaningless because 
the standar<ls are variable. Yet though completely accurate 
measurement is impossible, fidrly accurate measurement is 
essential. In the last century we learned to measure things 
like electric currents whose very existence was unknown until 
the i8th century. Today psycnologists are trying to measure 
mental abilities. The attempt has been largdy made in re- 
sponse to a demand for psychological tests of suitability for 
jobs. The first rough tests proved unsatisfiuxory, and were 
biassed because the qualities characteristic of universi^ pro- 
fessors were labelled “general intelligence”. But if mese 
difficulties are overcome, and real measurement becomes 
possible, psychology will take its place among the sciences. 



A.R.P. Fallacies 


T oday every gossip column-writer in die aipiulist press, 
and every minister, is pouring out soothing syrup con- 
cerning shdtm. Some of it is obvious nonsense. Reynolds 
News, tells us diat someone in Whitehall has calculated dut the 
diance of being killed in an air raid is only one in 8000. As 
much more than 5000 out of 40,000,000 English civiHans have 
already been killed, this is as out of date as many other White- 
hall calculations. . 

The Evening Standard tells us that every trench has a pro- 
tective wall of earth thousands of miles thick. The plain &ct 
is that a trench is less vulnerable than a surface shelter to the 
blast, or air wave, from a bomb bursting on the surface. But 
it is more vulnerable to the shock, or earth wave, from a bomb 
which buries itself before bursting. So unless you have private 
information from Goering as to which type of fuze will be 
used tonight, a sensitive one causing a burst on the surface, or 
a tougher one causing a burst below ground, there is litde to 
choose between a brick shelter and a thinly lined trench. 

But the worst frllacy is the fallacy of dispersal. Mr. 
Churchill, Mr. Morrison, and Miss Wilkinson, aU say that this 
makes for safety. This is untrue, as any statistician will tell 
them. I published the relevant mathematical theory in Nature, 
our leading scientific weekly, two years ago, in the hope of 
obtaining criticism, but no-one challenged it. Since then Mr. 
Arup has devdoped it in much greater detail, using his engin- 
eering knowledge, which gready exceeds my own. The effect 
of dbpersal, provided the type of shelter remains unchanged, 
is that no single bomb wiU cause many casualties, but each 
bomb has a bigger chance of causing some. And these 
tendencies cancel one another out very exacdy. 

If you don't care for mathematical arguments, try this 
experiment Divide a piece of paper into 400 squares by 21 
lines ruled each way. Put a figure 2 in 40 of these squares. 

t October is>40. 

9 * 
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Then drop a small olgect, say a threepenny bit, a hundred times 
on the paper at random. It its centre fam on a square with a 
figure 2 in it, count 2 people as killed. You will probably 
“kill” a little less than 20 people. Accurately your expecta- 
tion is 17*7, allowing for the chance of hitting the same square 
twice. Now put a figure 8 in 10 of the 400 squares, and drop 
^our “bomb” a hundred times. Your average number of 
‘casualties” will be just the same, but the fluctuations round it 
will be bigger. 

This is an example of what is called a model ea^riment, 
which has proved very useful in science, though of coune it 
may leave out somethmg important. The main thine left out 
in this case is that if one bomb wounds 200 people, mere will 
be a greater strain on the stretcher parties and hospitals than if 
it only wounded 20. 

Behind the fallacy there is of course a truth. The truth is 
that any large shelter, unless it is completely bomb-proof, like 
the deeper parts of some — but by no means all — tube stations, 
is more dangerous than a small one. If I am in a cellar 10 ftet 
square with a stout reinforced concrete wall roimd it, a 
medium-sized bomb must fall on the shelter or within 5 feet 
of it to kill me. That is to say the danger area is about 400 
square feet. But if the shelter is 50 feet square, the danger area 
is about 3600 square feet, or nine times as great. That is to say 
I am nine times as likely to be killed. But I am no more likely 
to be killed if I am one of a hundred people in the shelter than 
if I am all alone. 

The moral is not that people should be dispersed, but that 
shelters, unless they are really bombproof, should either be 
small, or divided up into small compartments by really blast- 
proof walls, not thin brick walls with very poor mortar be- 
tween the bricks. I am certainly horrified at the large size of 
some of the non-bombproof shelters. The upper part of a tube 
station is often close below the ground, with only a foot or so 
of concrete abov^ it. A bomb bursting inside is in an enclosed 
space, so the blast cannot escape, and may cause fiightfiil 
(hunage. Yet some people think they get security in such 
phu%8, or on escalators, which arc only a ntde safi»:. I would 
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modi sooner be in a small brick surface shelter than an under- 
ground “dielter” of this kind during a raicL Indeed if I had a 
steel hdmet I think I would as soon be in the open air. The 
deepo: parts of tubes are of course much safer, provided they 
are protected firom flooding, which is not always the case. 

'V^y do so many people beheve that dispersal makes for 
safety? Partly because they say that a bomb Billing on a 
dbelter containing two hundred people may kill them alt. 
This is quite true, but it is an argument not against having more 
dian half a dozen or so people in a shelter, but against using 
shelters with a large area, unless they are really bomb-proof. 

The theory of probabflity is largdy a history of the fallacies 
which have deceived quite able men in the past. Some people 
have thought that, because if a coin is tossed often enough, the 
number of heads and tails is roughly equal, this impUes that 
after a run of, say flve heads, there is an unusually big chance 
of a tail. This is certainly untrue. Others think that after 
five heads, there is a bigger chance of another head. This is 
true if the coin is biassed, and though I know of no thorough 
tests on coins, careful investigation of dice has shown that they 
are often biassed. One reason is that a face with, six holes in 
it is rougher than one with one hole. The die is therefore 
more likely to turn over if it falls with the six downwards 
than with the one downwards. This catises a bias in favour 
of high scores. But this bias is generally very sHght. 

The corresponding fallacies about bombs are that a bomb is 
unlikely to bh die same house twice, or tbat it is very likely to 
do so. Once again the latter is more nearly true. For an 
airman aiming, say, at a station or a factory may make the 
same mistake on two difierent nights. But the extra prob- 
abihty is not worth worrying about. 

Some people think you can come to no certainty about 
matters of probabflity. This is not so. The theory of prob- 
abiUty is as exact as other branches of mathematics. But it 
takes longer to test. If we want to test the truth of the 
theorems diat 15 x 14 =6 x 35, or that all the angles of an equi- 
lateral triangle ate equal, we can feasily do so, though only 
roughly in the latter case. To test a tueorem in probability ' 
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we might have to spin a coin ten thousand dmes. Neverthe> 
less 1 think probability theory should be taught in school. 
Perhaps when stocks and shares and compound interest are 
out of date we shall find time for it. Till then I fear that 
people may go on beUeving such statements as those of 
Messrs. Churcl^ and Morrison on dispersal. 



Samples 


S AMPLING has recently become important in two con- 
texts. In the first plairc a small sample is taken firom a 
large number of mass-produced articles, and the articles 
in the sample are tested often to destruction. Secondly, 
samples of the population are taken. The Gallup Poll agents, 
or ^ Ministry of Information employees, ask their poUtical 
views; or workers for the Ministry of Food find out hbw they 
spend their points. 

Is this a reUable and scientific proceeding? The answer is 
that everything depends on getting a really random sample. 
This is faurly easy in the case of bolts or screws. One can take 
care that they were not all produced firom a particular piece of 
steel or by one machine. In agricultural research very special 
care is taken to get a random sample. Suppose we are testing 
five varieties of potato on soil which has been manured in four 
difierent ways, it •will be desirable to grow each of the twenty 
possible combinations on four or five di^rent plots scattered 
about a field. If the same variety with the same manure gives 
very different results in difierent places, we cannot conclude 
mmi .bo« vdue of the manormg or the pouto 
breeds. 

If your sample is really at random you can reach conclusions 
of great certainty about the population or other large group 
firom which it is taken. If 22 out of 100 turnips are diseased, 
there is only about one chance in twenty that more than 30 
per cent or less than 14 per cent of the batch firom which the 
sample is taken •will be diseased. If we took a larger sample, 
die limits would be closet together. This theory of sampling 
is important in anthropology. We measure, s^ 20 skuQs on 
one island and 35 on anotnor, and find a dif^ence in the 
averages. Can we conclude •widi &ir certainty, that, o'wing to 
race or environment, we should find a similar diSerence if we 

96 



SAMt»LlS ^ 

measured hoodreds? This is the s6rt o£ question which a 
professor of biometry like myself has to answer. 

The mccess of sampling in many scientific fields led to 
attempts to apply it in politics and economics. But here we 
have to be very careful. Suppose we took a really random 
sample of lOO voters in a constituency, and 70 supported the 
present member of parliament, there is only about once chance 
in 50,000 that he would be defeated in an election, if all the 
constituents voted. But how are we to be sure the sample is 
really random? If the investigation had mixed up all the 
voters’ names in a box, polled out the first hundred, and 
hunted them down, we should really have a random sample. 
But this is never done. In practice some pe'ople are harder to 
find[ than others. Perhaps they are Labour voters working 
overtime, perhaps Tories away for the week-end. 

This is one difficulty. Another is that, even where secrecy 
is observed, some people do not believe it. Certainly they are 
more likely to He about politics than about points. Finally, 
experimental tests have shown that the way a question is 
fiamed makes a great difierence to the number of people who 
answer it in the affirmative. 

The ancient Greek democracies, such as Athens, chose many 
of their officials by lot, for a period of a year. They were, in 
fact, a random sample of the citizens. This system could only 
work where, as at Athens, every citizen had to attend the public 
assembly firom time to time, and was fined if he did not. 
Similarly in the Soviet Union today all citizens get at least 
some pohtical education fiom attending public meetings to 
decide on local as well as national affairs. But they do not 
get jobs by lot. 

In Britain criminals are tried by a jtuy which is supposed 
to be a random sample of their adult reUow-dtizeiM. Un- 
fortunately this is not the case. The list of jurymen is con- 
siderably biassed in favour of the welt-to-do. The situation 
is stfll worse regarding libel actions where a large sum, of 
money is involved. These arc tried before a spedd jury 
composed of men and women with very substantial property 
qualifications. It is unusual tor a special jury to include even 
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one trade oisioiast. llieiigusticeoftlusisobvioiis wfaea,^ 
example, a rich man stms a workix^-dass newspaper for Hbel, 
diot^ it may have beoi reasonable when most people could 
not read. A demoaattzadon of our jury system snould be part 
of du programme of all democrats. 



Statistics 


S tatistics is dbe branch ofsdmce, or perhap of applied 
mathematics, dealing with large numbers of individuals. 
Originally the word meant the compiling of numbers 
about die state, for ocample censuses of populadon,, production, 
and so on. Today it is appUed to many other fields. 

For eifample biologists use statistical methods. They shoot 
birds and count the numbers of various kinds of insects which 
they have eaten. They compare die average yields of different 
kinds of wheat, and me dfect on them of rainfidl, fertilizars, 
time of sowing, and other influences. 

Modem physics is largely based on statistical mechanics. A 
liquid consists of millions of molecules in rapid motion. Any 
one of them near the surface may pick up extra speed as the 
result of collisions with its neighbouts and fly away as vapour. 
One can make no prediction about a particular molecule. 
But one can predia very accurately what fraction of a large 
number will % off in the next minute. 

Astronomers also use statistics, because by now so many 
stars have been photographed that it is a hopeless task to 
catalogue them all. But we can count their firequency in 
different directions, compare the average speeds at which 
diflerent kinds are moving, and so on. 

There are two essentially different kinds of statistics, namely 
those based on a complete investigation of a group, and those 
based on a sample. Government statistics are generally 
supposed to be of the fint kind. For example die census 
(which by the way ought to be taken in 1941, but will not be) 
is supposed to cover the whole British population, and probably 
does not mis one in ten thousand. 

But statistics of this kind are ofien inaccurate. In some 
cotihtries more buths of girls than of boys have been roistered 
becatsse boys were reported as girls to avmd military service. 
Bdtish ^;ures of tmeanuxl mcome ace too low became, for 
example, a capkiiist can invest in a new insunmce con^aiay, 
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drawing no dividend foir some but be &irly sure that the 
diares vm increase substantbdly in value. If he later sells out, 
he can pocket the pro£ts without paying tax 
One might think, however, that it was always better to 
investigate a whole population than a sample. This is not 
necea^^y so. Some official statistics are very dubious, 
notably the causes of death which are registered. A doctor 
sees that a man or woman is ill, does his besu to diagnose the 
disease, and if they die, fills in a form accordingly. 

Even the best doctors, with X-rays, bacteriological labora- 
tories, and other such facilities, make some mistakes. The 
average doctor, with no such help, makes many more. This is 
probably specially so with young babies and old people. 

Old people .commonly have weak hearts, ana whatever is 
the ultimate cause of their death, their hearts wiU often fail 


sufficiently to justify a doctor in ascribing their death to heart 
failure. Othen die of pneumonia though the organ which 
first failed is not the lung. 

If I were dictator (which heaven forbid) one of die reasons 
for my unpopularity, and I hope, for my violent removal, 
would be mat I should insist on post-mortem examinations 
being made of everyone who died during a period of, say, a 
month. If I did, they would very likely be faked, as many 
things are under dictatorships, but we should perhaps gain 
more knowledge of the true causes of death. 

For many purposes we can only study samples. For example 
a few towns have been studied intensively to find out what 
people actually eat, and firom them rough calculations have 
been made to determine what fraction of me whole people are 
undernourished. 


In the same way numbers of people have been carefully 
weighed, noifeasured, and tested for colour-blindness, member- 
ship of diffierent blood groups, and so on. If the set tested has 
reauly been chosen at random, we can calctdate with great 
accuracy to the numbers in the whole population. 

For example if out of 10,000 men tested, 250 were colour- 
blind, then me odds are several hundred to one that in a popula- 
tion of a million the number <i£ colour-blind men will be 
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between 20,000 and 30,000, provided die first sample was taken 
at random. 

But it may not have been a random sample. A large 
number were tested at an exhibition, but perhaps men who 
suspected they were colour-blind took the test more firequently 
thm nom^ men. Or perh^ normal men took it, and 
colour-blind men did not, for &aa of looking silly. 

Such a test is only valid when it is done on a group selected 
in some other way, for example on all the children in a group 
of schools. And of course no amount of care in selecting your 
sample at random will get over other kinds of bias. 

The Ministry of Information collects data on public opinion. 
Various people are asked their opinion on political questions, 
and are told that their names be kept secret, and only 
total numbers given. Now; I personally believe that .this 
promise is kept. But it does not follow that the people who 
are asked the questions believe it too,. 

If they don’t, some of them will give the answers which they 
think will please the Government. And so if more people say 
that they approve of official policies in January than in Decem- 
ber, this may mean that the pubHc is getting fonder of Churchill 
or more fiightened of official spying. And there is no way of 
finding out which explanation is true. 

Inquiries of this kind can hardly claim to be scientific. 
Observations of actual behaviour can. A comparison of the 
number of people who go to un-reinforced brick surface 
shelters as compared with basements or trenches would tell 
a very clear story of the small confidence which they inspire. 
Lenin was talking scientifically when he spoke about people 
voting with their feet. 

In agricultural experiments great care is taken to avoid bias. 
Thus if you are testing three kinds of wheat m a field, it is 
useless to divide the fidd into three strips of equal area. One 
may be drier than others, or have better soil. The field must 
be divided into about thirty plots of equal area, ten sown with 
each kind of wheat. 

It will probably be found that owing to differences in the 
soil, one oftwo plots of the best wheat 'tm yield less than some 
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of thote of a. pooter vaxiety. There ate^ however, madbe- 
tnatical tests vmich allow one, to say whether the observed 
■ higher yidd of <xae land of wheat over the others means any- 
th^, or is due to chance. 

Unfisrtunatdy tests of this sort are rather rarely applied in 
c^dal statistics. That is one reason why people say that you 
can prove anything by statistics. Actudly you can prove a 
good deal. But it needs a lot of training to avoid pit&Us. 
ha a lata: article I shall write about some of the methods 
which sdentitic statisticians use. 



More About Statistics 


S cientists aim, so fiur as possible, at clear-cut experi- 
mofits. A plant is gtbwniu a solution of various minerals, 
including iron salts, and is healthy. The iron salts axe 
left out; the leaves of a similar plant are yellow, and it dies. 
A sufficiently strong- electric current always acts on a compass' 
in its neighrourhood, a man always loses consciousness it he 
breathes nitrogen, and so on. But very often this cannot be 
done. Sometimes experiment is impossible. You can’t do 
experimental astronomy. And an experimental study of 
human heredity is impossible in practice. Sometimes the 
experiment is not clear-cut. For only some, but not aU, of 
the variation in the result is due to the experiment, and the 
remainder cannot be eliminated. 

Here the statistician comes in. He may be asked 
two questions. The first is whether the experiment has 
had any effect at all. Suppose five rats fed on one diet 
weigh 6*5, 6-8, 6*9, 7-2, and 7*5 ounces and five similar ones 
fed on another diet weigh 7-1, 7-4, 7*7, 7-9, and 8-3 ounces 
(of course in scientific work grams would be used for 
weighing). Can we be sure that the diet has had an effect 
on ffie weight? 

No, we can never be absolutely sure. But we can be quite 
sure enough for practical purposes. The statistician does not 
ask the question in this form. He asks what is tfie chance that 
two groups as different as these should have been picked out of 
the same population by mere luck. The statistic^ method for 
answering this question was devised by the late Mr, W. S. 
Gossett, who was employed by Messrs. Guinness, the brewers. 
The firm did hot permit its employees to publish work under 
their own names, so he signed ms papers “Student”, and many 
statisticians only learned his name whoi he died. In the 
particular case oi the rats, the odds are about 40 to i against the 
difiereoce between the two grou|» being due to diance. A 
good biolt^t wodd be fairly sure that the diffetmee was due 
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to the food, but he would repeat the je 3 i|>etiment once or twice 

before publishing his result. ^ 

A second question asked of statisticians is “How much of the 
variaticHi in one quantity is determined by variation in 
another?^ - In tbe above case only some of the variation was 
doe to tb^diet, because there was stiU a good deal of variation 
amox^ rats on the same diet. 

Human height is to some extent hereditary, though it also 
depends on diet, and probaUy on climate and other Actors at 
present unknown. Suppose we measure a thousand boys of 
tile same age, and their patents, we ask what is the difierence 
between tiie average height of a group of boys whose fttiiers 
are 5 &et 6 inches high and of a group whose fathers are 5 feet 
10 inches high. The answer is “about one inch*'. An inr 
crease of aii inch in the father’s height means an average in- 
crease of about a quarter of an inch in tiie sons. The mother’s 
influence is about the same. The degree of resemblance is 
measured by a number called the coK^dent of correlation 
which, for parents and children, is about a half. 

It is one tiling to state a statistical result, and quite another to 
interpret It. l^e .first statistidans who measured resemblances 
between paroits and children put them down whcdly to 
heredity. This is correct in some cases, particularly when the 
people concerned are taken fiom one class of a particular nation. 
For example tbere was probably Httie malnutrition among 
students or Oxford Univenity in 1900. 

But it is certainly untrue in other cases. The Japanese 
mostiy have slanting eyes when compared with Europeans. 
They are also shorter. Both are often thought to be radal 
chaitteters determined by heredity. If a Japanese couple 
emirate, tbeir children still have slanting eyes, so tiie eye shape 
may be regarded as a radal character fixed by heredity. But 
their average stature may be greatly increased, as Susla found 
after measuring some hunmeds. The average height of 
Japanese boys of 15^ bom in Japan is 5 fiteC 2'8 inches, of tiiose 
bom in America 5 feet 4*4 inches. The weight is increased 
firom 99 pounds to 114 pounds. What is even mote remark- 
able, ^e American-bom Japanese at this age are sHghtiy talfer 
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and heavier than Amencaii boys of European stodc. Ihis 
may be doe to the £»ct that the whites lived in many different 
states, the Japanese mostly in California, where conditions 
seem to favour rapid growth. The few adult American-bom 
Japanese measured averaged three inches taller than their 
parents. 

Results like this make it rather hard to believe most of the 
stories of racial superiority and inferiority which are spread 
by conquerors, whether British or German. If a small fraction 
of the sum spent on the Chinese war had been devoted to 
feeding the people, the Japanese could probably be converted 
from a short to a tall race. Let us hope that a Japanese People’s 
Government may soon try this interesting experiment. 

This example shows the value and the Imutadons of statistics. 
It is a common gibe that “you can prove anything by statistics”. 
All that you can prove is some feet such as that the children of 
tall parents are generally taller than the average. To £nd out 
why this is so, you must experiment yourself, or take advan- 
tage of a natural or social experiment such as the transplanting 
of Japanese to California. 

But if you can’t prove much by statistics alone you can prove 
nothing at all in some fields without them. Among a thousand 
badly undernourished children a few will be taller and even 
stronger than the average. If they are picked out they can 
be used for a “iunshine story” about the adequacy of our food. 
The sunshine stories which we read in the press about shelters 
come into this category. We all know of cases where a house 
was destroyed and a shelter untouched. We also know of cases 
where the contrary happened. Only a statistical investigation 
could tell us which kinds of shelter are of any value. Such an 
investigation would have to be carefully done. If we merdy 
compared the fraction of people sleeping in shelters who had 
been l^ed to the fraction sleeping in bed who had been killed, 
we should find that bedrooms were much safer than shelters. 
This would be ui^air to the shdters, becatise few or no people’ 
sleep m shelters in country districts, while many do so in heai^ 
bombed areas. For a ^ comparison it would be necessary 
to compare bedrooms and shelters within a number of small 
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districts, say 'widiki each of a husdred waxds in d^&tent 
boroo^. Idonmknowndkatthe restijlt'woaklbe, thoughi 
think it wooid show diat some kinds of shelter axe worse man 
assess, whilst others give partial protecticai. Very inadequate 
surveys seem to show that the Anderson shtdter cots down the 
chance of death to about a quarter, while brick surface shelters 
withom rdnfbrcemoat are useless, as are many basements. If 
the Minister of Home Security has made an inquiry of this 
kind he should publish its results, if only to let people know 
vduch kind of shdter to choose. If he has not yet* made it, 
he should be refdaced by someone who will apply scientific 
method to this vital problem. 

These examples prove, I think, that statistical methods are 
indispensable. But they also show that they easily lead to 
&lse conclusions, and that everyone in the intellectual side of 
the Labour Movement should know something about the use 
and abuse of statistics. * ' 

I January 1941. 



Millions 


O N one page of a London evening pper I recently read 
the fbflowing two sentences, ‘^ne Genevz municipal 
cotmdl ar^ pressing for a special tax on foreign <ba^ 
deposits in Switzerland, which total about ^3,500,000,000.” 
^Almost £2^,000^000,000 in uncommitted balances now held 
by the War and Navy Departments, the Maritime Com- 
missions and the War Shipping Administration, will be in- 
vestigated to see if the amount can be returned to the 1 reasury.” 

It is qijite clear that the sub-editor who, passed these items 
had little idea of what a million means. The Nazi leaders may 
have banked a lot in Switzerland, as the headline to the para- 
graph suggested, but the sum mentioned is about the value of 
the total annual production of England before the war. 
International payments on this scale are impossible. The sum 
is more dian half what Germany was supposed to pay in 
reparations after the first world war. As for /25, 000, 000,000 
even although it is the American, not the British Treasury, this 
amounts to about ^^150 for each American citizen, and the 
return of it to the Treasury would nearly make the war 
profitable! 

Some readers will say they can’t imagine a million. This is 
untrue. You can’t imagine a million things in a row very 
easily, though a million halfpennies would only stretch less 
dian 16 miles, which is an easy day’s walk. You can easily 
imagine a million in a square, for example a square metre of 
paper ruled in millimetres. And you can very easily imagine 
a milUon cubes, say lumps of sugar, arranged in a large cube 
with a hundred in each side. 

Now scientists have to think in millions, and to get die 
of diem, so to say. When the millions are arrang^ in a line 
* this is mther harcL For example light travels about a mipon 
times as fast as sound, sound about a million times as fiut as the 
secopd hand of a watch, and the second hand abodt 200,000 
times as quickly as a human body growt. 
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When the millions aie arranged in a lamp, the thinking is 
often fturly day. For example a human body contains some* 
diing over I0'^ or 10,000,000,000,000,000 celu. This seems a 
hopelw number to gram, but it is quite easy when you think 
of it concretely. AJl these cells arise ft:om one single celL 
This.cdl divida in two, and sO does each of the new cells. 
That is to say after i division there are 2 cells, after 2 divinons 
4, and so on. It would take only 47 divisions to produce all 
the cells of the body, and a representative cell has about 50 
gmerations behind it, though some have more, and some less. 
For a small insect the corresponding number is about 25. 

A scientist is constantly thinking in such numbers, not 
because he is interested in how many matches laid end on end 
would reach to the moon, but because he may have to work 
with a ton of matter one day and a milligram the next; and 
there are a thousand million milligrams in a ton. 

Anyone who is going to take economics seriously must 
learn to think in millions, because the population of states are 
reckcmed in millions. Incidentally such ntunbers of living 
beings can never be quite accurate, not because they are un- 
countable, but because at any moment some are b^g bom 
and some dying; and neither process is instantaneous. You 
must be dialectical about large numbers. 

One of the first things you must do in order to understand 
economics on a nationed scale is to get the habit of translating 
backwards and forwards firom millions to sixpences. There 
are 40 miUion people in England, so sixpence mr each of us is 
a million pounds. For example the war costs about ten 
million pounds a day. This means that Mr, Chamberlain’s 
political opinions cost each of us five shillings a day on an 
average. It also means that if the productive forces engaged 
in war were switched over to the needs of peace, there would 
bd five shillings a day per head to be shar^ out, or over ten 
shillings a day per wi^e-eamer. Again when a man receives 
a l^acy of a mMon pounds, this means that, by allowing such 
a monstrous transaction, every man, 'woman, and clmd in 
Britain is, cm an average, giving him six^ce. ' 

It is worth while getting this habit wim millions of pomids. 
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because tbe opponents of such necessary measures as the 
Beveridge scheme 'wiU try to frighten us vdth its vast cost, and 
a figure of hundreds of milfions of pounds sounds impressive. 

Any student of science can get a grip on these big numbers 
by making a guess a day involving them, and then checking 
up. For example, roughly how many safrty-razor blades 
could one niake out of the Kit^ George V? An acre of English 
ploughland contains about 800,000 earthworms; how many 
are mere in England? How frr does the hour-hand of a 
watch go in a century? If one part in a million of the earth’s 
crust consists of gold, how many tons of gold are there in the 
first ten miles for each member of the human race? (about 40!). 

Only afrer you have done this, and got happy with millions, 
is it any good trying to grasp the large numbers which occur 
in physics and chemistry, such as the number of atoms in a 
gram of hydrogen, which is 6 x lo^’, or nearly a million 
million million million. But millions are not really difficult 
to deal with, and to learn to do so is an essentud part of 
education. 



Infinity 

S CIENllSTS are not directly concerned -widi infimty, 
because we have no experience of infinite things, times or 
numben. But scientists use mathematical methods which in- 
volve the use of infinity, so diey are quite fiuniliar widi the idea. 
What is more curious, they find it makes their work easier. 

!Lct us sec why. Take the series i+i + J + ^{r + ctc. We 
can see that the sum of two terms is f , of d^ee and so on. 
That is to say at each step we halve die difference firom one. 
We say roughly that the sum of an infinite number of terms 
(or of all the terms) is one, and accurately that by taking 
enough terms we can redude the difference horn one to be as 
small a number as we choose. If I ask you fi>r the sum of a 
million terms you wUl never be able to write down the answer, 
for it is a firaction whose numerator and denominator each 
have 301,031 figures. That is to say either would cover a 
whole issue of a newspaper, even if printed rather small. So 
we simplify matters vastly by taking an infinite number of 
terms instead of a veiy large number. 

Mathematicians have used infinite series for a long time, and 
without them they could not calculate such univenally useful 
numben as common logarithms. But they only used them 
as a result of breaking the rules which had been laid down by 
former naathematidans. This indeed is one of the ways in 
which mathematics progresses. Two thousand yean ago every 
mathenutidan, except perhaps in India, would have agreed 
that the sum of two numben was larger than either of them. 
Then some Indian genius invented a sign for zero, which made 
it possible to write every number with only ten signs. But it 
also meant that if you added xero to a nurnwr it got no bigger. 

' Later still, negative numben were invented, and still more 
rules were broken. This is a dialectical process, as M;urx and 
Engels pointed out. And now mathematicians deal quite 
happily with infinite numben. Let us' see what an in^te 
numbw means. 


no 
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If we say dutt the number of whole nomhers swh as 1, 2, 3, 
4, is ii]£tiite, we mean diat diis series has not got a last member. 
If somebody said that a trillion was die largest number, we 
could answer that a trillion and one is larger. In £act m 
infinite number is die expression of a possibili^, the possibility 
of always adding one more. But it is not the expresnon of a 
feet about nature. We can never prove by observation that 
space is infinite, or that the number of atoms in the universe is 
infini te. Some day it may be possible to prove that this 
number is finite, diough this seems to me rather unlikdy. 

Engels wrote about “bad infinity”, by which he meant a 
mere absence of determination. And the word “infinity” is, 
of course, used ve^y loosely, especially in connection with 
religion. Let us see how it can be used exaedy, how fiar 
example, we can say that two infinite numbers are equal, or 
that one is greater than another. 

There are two ways of finding out whether the numbers in 
two groups are equal. We can count both of them, or we 
can arrange that each member of one should correspond to one 
and only one member of the other. For example, if I am 
addressing a public meeting and want to know whedler there 
are more seats or people in the audience, I don’t have to count 
eidier people or seats. If there are a lot of vacant chairs I 
know Acre arc more chairs than people. If there are a lot of 
petmle standing I know there are more people than chairs. 
In this is how audiences are roughly countw by reportas, 
who know the number of seats. 

Now we cannot count an infinite set, but we can compare 
two infinite sets in this simple way. For example the number 
of even numbers is the same as the number of all whole 
numbers, cv«i or odd. For we can call i, 2, 3, 4, etc. die 
audience, and 2, 4, 6, 8, etc. (he chairs. We then put i on 2, 
2 on 4, 3 on 6, and so on. In this case evoy ' member of die 
audience gets a chair, and every chair a member, so the 
numbers are equal This means that some infinite numbers 
are equal to twice themselves, which need not, of course, 
surprise us. We can’t expect all the ordin^ ndes of aiith> 
medc to hdd fin infinke nurnben. Bin it does not mean 
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that all infinite nlimben are equal On. die contrary, it can 
be shown that whatever system .is tried of labelling all the 
points in a line widi whole numbers, there will be some points 
left over. That is to say the number of points in a 1^ is 

S taXex than that of whole numbers. And plenty of still 
ger infinite numbers are known. 

Someone may wdl object that calculations of this kind are 
mere Juggl^ with words and symbols, and have no relation 
to rewty. The answer is simple. The theory had to be 
made to meet a practical need. If we have a record such as 
that of the height of the sea water at Liverpool over many 
years, we can' analyse it into a series of waves. For example 


the tides show a principal wave with a period of about twelve 
and a half hours, another with a period of about a fortnight, 
and so on. The theory of disentangling these waves is a very 
difficult one, but a very practical one too. It comes up again 
in connection with the oscillation^ of a suspension bridge or a 
steel-firame building, or the interpretation of the X-ray photo- 
graph of a crystal. And no-one was able to work it out until 
me theory of infinite numbers had been developed. 

Even' now mistakes are often made. The designer of the 
great suspension bridge at Tacoma, in the state of 'Washington 
seems to have made one, for the bridge swayed so violently in 
the wind that it broke in two. . And the theory is not complete. 
There are still contradictions. Indeed ifa perfect mathematical 
theory could be developed, that would be the end of mathe- 
nutics. 


Most of the great unsolved problems of mathenutics contain 
the word *‘all . For example thousands of mws have been 
drawn, divided into areas like counties, each of which has a 
sin glft boundary, that is to say one can move all over it without 
crossing anodoer “county”. Each of these maps can be 
colourra with four colours only, so that no two colours touch, 
though they may meet at a point. But no-one has proved 
that this is pooible £oc all maps. • 

' The word “all” means one dni^ when it is applied to a 
finite collection, such as all the maps in the world, or all whole 
numbers less than a million. Aim it means, something voy 
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<]ifi&retit when it is applied to an infinite collection, such as all 
possible maps, or all whole numbers. 

Neverthuess mathematicians have gone a long way in their 
analysis of infinity, and can already reason about it widi fitr 
more accuracy than a century, or even twenty ytars, j^o. ^ 



The EHfFerential Calculus 


N O elementary school child gets a diance of learning the 
differential calculus, and very few secondary smool 
children do so. Yet I know &om my own experience that 
children of twelve can learn it. As it is a mathematical tool 
used in most branches of science, this forms a bar between 
the workers and many kinds of scientific knowledge. I have 
no intention of teaching the calculus, but it is quite easy to 
explain what it is about, particularly to skilled workers. For 
a very large number of skilled workers use it in practice without 
knowing that they are doing so. 

The (ufierential calculus is concerned with rates of change. 
In practical Ufe we constantly come across pairs of quantities 
which arc related, so that after both have been measured, 
when we know one, we know the other. Thus if we know 
the distance along a road ftom a fixed point we can find the 
height above sea Wd from a map with contours. If we know 
the time of day we can determine the air temperature on any 
particular day ftom a record of a thermometer made on that 
day. In such cases we often want to know the rate of change 
of on? relative to the other. 

If X and Y are the two quantities, then the rate of change of 
y relative to x is written For example if x is the distance 


of a point on a railway ftom London, measured in ftet, and y 
the height above sea level, ^ is the gradient of the railway. If 


the height y increases by i foot while the distance x increases by 
172 feet, the average value of ^ is We say that the 
gndfcM i, I iniTi. If*is*eetoeme»u«ataho«Ka^ 
ftactions of an hour, and y the number of miles gone, then ^ 


is the speed in miles per hour. Of course the rate of change 
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may be zero, as on a levd road, and negative when the hei^t 
is diminishing as the distance x increases. 

To take tvto more examples, if x is die temperature, and y 

die length of a metal bar, ^ -f- y is the coefficient of expansion, 

that is to say the proportionate increase in length per degree. 
And if X is the price of a commodity, and y me amount 

bough, par day. dicn ^ is called the dastWcy of demand. 

For example people must buy bread, but can cut down on 
jam, so the demand for jam is more elastic than that for bread. 
This notion of elastic!^ is very important in the academic 
economics taught in our universities. Professors say that 
Marxism is out of date because Marx did not calculate such 
things. This would be a serious criticism if the economic 
“laws” of 1900 were eternal truths. Of course Marx saw that 
they were nothing of the kind, and “elasticity of demand” is 
out of date in England today for the very good reason that most 
commodities are controlled or rationed. 

The mathematical part of the calculus is the art of calculating 

^ if y has some mathematical relation to x, for example is 

equal to its square or logarithm. The rules have to be learned 
like those for the area and volume of geometrical figures, and 
have tke same sort of value. No area, is absolutdy square, 
and no volume is absolutely cylindrical. But there are uin^ 
in real life like enough to squares and cylinders to make the 
rules about them worm learning. So with the calculus. It is 
not exaedy true that the speed of a filing body is proportional 
to the time it has been falling. But this is close enough to the 
truth for many purposes. 

The diflferMitial calculus goes a lot further. Think of a bus 
going up a hill which gradually gets steeper. If x is the 
horizontu distance, and y the hdght, this means that the slope 

Tfcr.«ofchang.of|wid.rcg«aK>yis 

written In this case it gives a measure of the curvature of 
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die road stufiice. Inthesame way if a; is time and distance, 
d^y 

^ is the rate of change of speed with time, or acceleratioil. 


This is a quantity which good drivers can estimate pretty well, 
though diey do not know they are using the basic ideas of the 
differential calculus. 

If one quantity depends on several others, die differential 
calculus shows us how to measure this depoidence. Thus the 
pressure of a gas varies with the temperature and the volume. 
Both temperature and volume vary during the stroke of a 
cylinder of a steam or petrol engine, and the calculus is needed 
for an accurate theory of their action. 

Finally, the calculus is a fascinating study for its own sake. 
In February 1917 1 was one of a row of wounded officers lying 
on stretchers on a smamer going down the river Tigris in 
Mesopotamia. I was reading a mathemadcal book on vectors, 
the man next me was reading one on the calculus. As anti- 
dotes to pain we preferred mem to novels. Some parts of 
mathematics are beautiful, like good verse or painting. The 
calculus is beautiful, but not because it is a product of “pure 
thought”. It is not a product of pure thought. It was in- 
vented as a tool to help moi to cuculate the movements of 
stars and caimon balls. It has the beauty of a really efficient 
machine. 

To judge from the technical books which sell by tens of 
thousands in the Soviet Union, a bigger fraction of the people 
understand it there than here. In a society where workers are 
encouraged to understand their work it is natural that it should 
be widely studied. Those who are working to build such a 
society in our. own country, even if they cannot yet learn it,^ 
should know a little of what it means. 
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Logic 

A READER asks me to write on elementary logic. “Log^’* 
, is derived from the Gredk “logos”, a word, and orieim^y 
meant the art of usit^ words accurately, so that an licence 
based on them is valid. It is now applied to the use of other 
symbols besides words. 

Of course words can, and sometimes should, be used illogio- 
ally. Shakespeare was justifred in writii^ of “Books in the 
running brooks, sermons in stones,” though “Stones in the 
running brooks, sermons in books,” would have been more 
logical. But we must be very careful in switchii^ over from 
one use of wmrds to the otha. 

Logic was founded by the ancient Greeks, and sysmnutized 
by Aimtotle. The mediaeval philosophers merely developed 
Aristode’s ideas, but in the last one hundred and fifty years 
logic has grown along several new lines. These inaude 
diidectical logic, developed by Hegel, Marx, Engels and others, 
symbolic logic, developed by Boole, Peano, Russell, White- 
head, and many living men, and the logic of probability, 
developed by Laplace and other mathematicians. These 
different branches are not really distinct. 

The traditional logic has its' uses and its dangers. Its greatest 
use is to teach the accurate tise of words. For example I do 
not believe that the Jewish law is divinely inspired and should 
be obeyed in all cases. If the word “Jew” means a man or 
woman who believes this, I want to see fewer Jews. 

This does not mean that I am anri-semidc. I think people 
of Jewish origin have every right to be proud of a law whim, 
about 3000 years ^o, included the text ‘ Thou shalt not driver 
unto his master dm servant which is escaped from his master 
unto thee” (Deuteronomy 24, 65), and to use this pride to heig 
them to work for human liberation. If that is what “Jew ' 
means, I wish diere were more Jews. Unfortunately both Jews 
and Gentiles use the word “Jew” in both these senses in ti» 
same argument, and tins leads to misunderstanding, and worse. 
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The dat^cf of formal lomc is that it leads us to believe that 
classifications are sharp, eimer in space or time. Our law is 
based on formal logic. A jury has to say that a man is either 
guilty or not guilty of a crime. In practice everyone knows 
that there are degi^ of guilt; but a jury cannot assess dbem, 
and in consequence ixyustice is done. 

Similarly one can generally count the people in a room 
accurately, but no-cme could cx>unt the population of Lcmdon 
accurately, because at any moment some are beii^ bom and 
others dying; and neither birth nor death is instantaneous. 

FcMinal logic is concerned with rdations vhkh can be 
expressed by predication, for example “Montgomery is a 
fid^marshal”, “No women are field-marshals”, from which 
we can deduce that Montgomeiy is not a woman. It hdps ns 
to avoid fallacious arguments, for example “Fifty Wekluncn 
were convicted of theft, therefore Welshmen are thieves” 
(meaning that all Welshmen are thieves). 

Synholic log^c, which uses symbols rather like those of 
algebra, deal with other relations, and classifies them. For 
example, if A is like B, then B is hke A. Such relations are 
called reflexive. If A is larger than B, and B larger than C, 
then A is larger than C. Such relations are called transitive. 
SymboHc logic has proved valuable in laying the foundations 
of mathematics. 

The logic of probabUity is nearer to real life. Whai I say 
“If I get to the station by 7.20 I shall be in time for work”, I 
mean that I am so likely to be in time that I can take the chance. 
In the long run, the logic is quantitative. It is sensible to run 
a risk of one in a thousand oflosing the train in order to finish 
breakfest, and foolish to take a chance of one in a thousand of 
losing one’s life for the same reason. 

If I run a risk of one in a thousand oflosing my train (or my 
life) every day, I am rather more likely than not to lose it in 
693 days. This kind of logic is very important, not only for 
states and large businesses, but for the foundations of science, 
where chemists and phyndsts deal with millions of atoms, and 
biologists with niilli^ of cdls, or of animals or plants. 
Dialectical logic is specially ctmcemed with thai^. Words, 
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and die ideas for iwinch they stand, dliange thebr meainngs* 
So do die dongs and proce»es which they symbolize. Bqgd 
saw that the laws of dumge were similar, as they most be if 
ideas and words correspond to reality. 

But, as Marx pot it, he stood on his l»ad, by thinlring thar 
ideas detormined reality, instead of the other way round. 
However, as ideas are simpler than the reality for wmch they 
stand, it is easier to see how they change, and hence the word 
“dialectical”, which apjhes to Marx’s theory of the world, is 
taken over horn logic. 

A good way of understanding what a word means is to 
argue about it. Smith says that man has a natural right to 
property. Jones says that property is theft. If each tries to 
unclerstand the other, they will see that a man’s claim to own 
his socks is more reasonable than his claim to own a himdred 
square miles of land. Smith and Jones are both right up to a 
point. This method of getting at the truth is called the 
dialectical method. The word comes ftom the same root as 
“dialogue”. 

Just the same is true of a real thing. Everything that exists 
has both permanence and transience. A boot is more per- 
manent than a lightning flash, and less so than a mountain. 
But nothing is instantaneous or lasts for ever. Similarly the 
boot would be no good if it were as hard as iron or as soft as 
putty. 

Further, ideas change because they involve internal contra- 
dictions. Our word “just” is derived from the Latin “Jus”, 
meaning law, and originally meant “according to law”. 
Obedience to laws whieJa can be altered by the state is a great 
advance on obedience either to impulse or to traditions which 
are thought to be unalterable. But after men had got accus- 
tomed to obeying law, they began to see that justice went 
beyond the law, and that a law could be unjust. The idea 
of justice had developed so as to negate its original meaning. 

The same kind of thing happens in, nature. An egg cannot 
stay put. It must either die or develop into a bird. A river 
cannot stay put. It removes soil and rodcs in some places, 
and dq>osits them in othen. The and the river develop 
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hf a^tmg tiiemseim. Dialectical 1(^^ i^ould l^p os in 
two wa^. It should teach os when to use ordin^ logic, and 
argue anout a thing as if it were unchangeable, am whm to 
beware of the £dla^ into whidi diis leads us. And, what is 
more important, it should teach us to understand the process 
of change, and thus to adapt ourselves to a rapidly clnmging 
world. 

But just as we must learn ordinary mechanics before we can 
understand the theory of rdativiiy, and English grammar 
brfore we can go on to comparative philology, it is well worth 
learning a litde traditional logjc provided we do not take it 
too seriously. 



Induction and Deduction 


A WELSH comrade has asked me what I think about the 
relative importance of induction and deduction in 
science. He notes that Engels was convinced of the 
importance of deductive reasoning, and rather contemptuous 
of induction, at any rate as practised in his time. 

By deduction is meant reasoning from general principles to 
particular examples. For example if we want an aeroplane 
to go 10 per cent faster, and the resistance varies with the square 
of the speed, we calculate that we shall need about 21 per cent 
more engine power. If a man has lost sensation in the skin of 
a symmetric^ area on his buttocks, we deduce that he has had 
an injury to the last pair but one of sensory nerves entering 
the spinal column, or to the spinal marrow in this neighbour- 
hooa. 

Induction means arriving at general principles from a number 
of examples. The rule that resistance varies with the square 
of the speed is only true over a certain range of speeds, and both 
the law and the range over which it holds were discovered by 
experiment. And me effects of various injuries to the nerves 
have been discovered by observing the effects of wounds and 
diseases. 

In mathematics deduction is much more important than 
induction. Mathematicians try to prove all their results from 
simple principles. But at any given time there are always a 
frw results which are well established, but not proved. 

For example some whole numbers are prime, that is to say 
they have no Victors larger than one. It is easy to prove that 
there is no largest prime number. On the other hand it is 
fiiirly sure that there is no largest pair of consecutive odd 
numbers both of which are prime, such as 191 and 193. But 
no-one has been able to prove it. 

In physics deduction and induction are both imf^rtant 
Mathematical physics is a body of deductions from frirly 
simple assumptions. It works pretty well; but this is because 

133 
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when » fct of assumpdotu vdll not wotk, a sUgMy icss 
smpte one is tried, and so on. For e^am|^ gases behave in 
many ways as if the moving molecules of ti^ch they are made 
had no sine at all. If this were tnie Boyle’s law would be 
exactly true. It is not exacdy true, but it is quite true enough 
for a great many purposes. It is not out by i per cent over 
die whole range of pressures vhich men can stand, foom a 
pilot d.ght miles above ground to a diver 500 feet under water. 
A more accurate law can be deduced if we suppose that the gas 
molecules are round elastic balls, attracting one another when 
they come dose together. This again brem down in the long 
run, but it allows much more accurate prediction of what 
actually happens. 

In chemistry deduction is less important than in physics. A 
chemist has to learn immense numbers of hard fects for which 
there is no explanation. I do not mean that they are in any 
way miraculous br in the long run inexplicable. For example 
one can easily show, from me properties of the atoms con- 
cerned, why ice melts more easily than iron. But no- 
one can calculate the melting-points accurately from the 
atomic properties within ten degrees, let alone a hundredth 
of a degree. So chemists have had tp find the melting- 
points of about a htmdred thousand different substances. 
They can then frame inductive laws which enable them 
to guess the melting-points of new ones fairly accuratdy by 
analogy. 

hi Mology there ha? been a vast amount of pure induction. 
We find a number of properties going together. For example 
all animals with backbones have red blood. We say that red 
blood is one of die characteristics of a vertebrate animal. 
Ofren however such inductions are not quite accurate. It is 
nearly true tiiat all land vertebrates, or all four-frioted animals, 
have lui^. But a few salamandm which spend most of their 
life on md mam^ to get on witiioat them, and breathe 
through their skins. Sinulaily almost all hairy fbar-fi>oted 
aninum brii^ forth their young alive, but a few in Australia 
and New Guinea, such as the Platypus and Echidna, lay 

egg*- 
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Tliese examples show the danger of indoctioiis not supp^rt^ 
by any deductive ei^lanations. Aristotle tried to intr^d^ 
drauedve reasoning into biolo^, but without much success. 
Galileo succeeded. He aj^Hed dementary engineering ptinr 
ciples to animals. If two animals are of me same shape, but 
one is ten times as big as the other in every direction, then its 
weight is a thousand times greater, but the cross section of its 
1 ^ is only a hundred times greater. So each square inch 
must bear ten times the weight. That is why a daddy-long- 
legs as big as a cat would bre^ its legs at every step, and there- 
fore does not exist. 

Later on othn biologists made similar deductions as know- 
ledge of physics and chemistry grew. But Darwin was the 
first to apply deduction successfully to the fundamental 
problems of biology. Others had been driven to a belief in 
some sort of evolution by the study of fossils, but Darwin 
showed why evolution was an inevitable consequence of 
variation, heredity, and the struggle for life. In this century 
genetics, the branch of biology concerned with inheritance and 
variation, has growm up, and embodies a good deal of deductive 
reasoning. In many cases one can calcmate beforehand what 
kinds of offspring are expected firom a given mating, and in 
what proportions, even when such a mating has never been 
made before. But in spite of this, deduction is not yet so 
important as induction in biology. 

In the social sciences, most non-Marxists say that deductive 
reasoning is of litde or no value: one can merely describe 
historical events, and cannot hope to understand them. Marx 
believed that one could use deductive reasoning, and he had 
the courage pf his convictions, for he predicted what was going 
to happoi in the future, which is me only real test of any 
sdentinc theory. Actually non-Marxists predict too. They 
tell you that the war will end in 1945, that there will be a Tory 
majority at the next election, and so on. As they do not 
believe that diere is a sdoice of history, these predictions 
presumably have no scientific or lexical basis. So Marxists 
are more often right in dieir predictions. 

But Marxist predictitMi is <my valid if it is based <m a pro- 



126 LOGIC 

found kno^dedge of ec<»ioimc &ct5, wliich are difficult to 
ascertain, especially in war time. So Marxists should be 
careful of making detailed forecasts, though they can be sure 
enough of the general character of the social cnanges ahead 
of us. 



what “Hot” Means 


O NE reason why other p^ple find it hard to understand 
science, and why scientists are apt to lose their tempers 
ydth other people, is that scientists either tise ordinary 
words with a special meaning, or invent words of their own 
whkh ordinary people do not understand. 

I don’t think this can be avoided. The history of science 
shows what has constantly happened. We start with some 
ordinary word, such as “hot”, whose meaning we think we 
understand. On the breakfast table are a tablecloth, a knife, 
and a pot of mustard. The plain man says the knife is cold, 
the mustard hot, and the cloth neither hot nor cold. A 
physicist will say that none of them is hotter than the others. 

But that does not mean that the plain man is talking nonsense. 
He certainly gets a feeling of cold hrom the knife, and a feeling 
of heat hrom the mustard if he puts it on his tongue, or rubs it 
into his skin. The knife and the cloth are at the same tempera- 
ture, somewhat below that of one’s finger. But the knifi; 
conducts heat well, so it cools the finger much more than the 
cloth when one touches it. 

The mustard, or to be accurate, one of the chemical com- 
pounds in it, excites the same nerve fibres in my tongue as are 
excited by hot substances, and gives me a sensation of heat. If 
I rub it into my skin it makes me blood vessels dilate, and my 
skin does actually get hotter in a way which a physicist could 
measure. 

Until thermometers were invented and made fiurly accurate, 
it was quite impossible to get any definite answer to the ques- 
tion wmch of two bodies was hotter, much less to measure 
heat. Even now we are apt to trust our senses 

who runs our household, in which l,perfi;>rm 
such humble functions as dish-dryhig, insists on puning food 
<m a slate shdf rather than a wooden one in the lardcx, because 
it is colder. Actually everything put in the larder reaches the 


temp^ture or 
unduly. 

The woman 
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same temperatme after half an hoar or so. Warm things cool 
a little qotcker on skte than on-^wood, and that is all the 
difference. If the food 'were like a living man or animal, and 
had a source of heat in it, it would be colder on slate than on 
wood. But ff oucJmusekeeper reads this, she will not bdieve 
the argument, and merely take it as anotha proof that men, 
and particularly pn^sors, don’t understand housekeraing. 

Confusions tike this arise in part because we use the same 
word “heat” for a sensation, and for a form of energy which 
causes' it. We also use the word “hot” to mean either a body 
'which gives us the sensation, or a body 'widi an unusually large 
amount of this form of energy. Mustard is hot in the fint 
sense, and not in the second. We should' avoid these con- 
fusions if we used specially invented words such as “caloric” 
and “calorous” for “heat” and “hot” in their scientific senses. 
But when scientists use such wcnrds they are o&en accused of 
talking jargon; and such words are often taken over and used 
in a metaphorical sense. This is happening to the words 
“allergic” and “energy” at present. 

Students of Marx &d this difficulty with the word “value”, 
hi ordinary talk we use it in a good many different senses, and 
if we change its meaning in the middle of an argument we talk 
nonsense about economics. In Capital Marx first discussed 
some of its different meanings, and then used it with one 
particular meaning in the rest of the book. 

The same was true of “labour” and “labour power”. On 
the other hand he (or rather his translators) used the word 
“force” in a rather haphazard way, as compared with its very 
definite meaning in modem physics. He might have used 
some special word to distinguish between say proffiictive force 
and el»mromotive force or gra'vkational force, but no-coie is 
likely to confuse such very diffinrent meanings of the word 
“force”, as they ca:tainly confuse different memings of 
“value”. 

An essential feature of the prepress of science is as follows. 
We'start with a.wmrd whose meaning we think we luiderstand, 
such as iioB, hot, rat, race, or mtdngence, and begin to in* 
vest^ate die things which it des^;nates. We always find that 
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it dianges its meaning in the coutse of the invemgation, and 
sometimes we have to mvetit new words for the thir^ “we 
discover. 

Iron is quite a good example. In ordinary language it is 
used for a variety of metals with difiermt properties, par- 
ticularly cast iron, which is hard but britt^ and wrcMuht iron, 
which is softer but tougher. Chemists have found &t dwy 
are all mixtures consisting largely of one metal. But tbe 
metal which chemists call iron is quite soft whoi pure, in foct 
about as soft as copper. Ordinary iron and steu are a great 
deal harder because they are intimate mixture of iron atm its 
compounds with carbon and other elements. In £ict metal- 
lurgists use such words as aust^te, martensite, and cementite 
to describe what b generally called koo. or steeL 

The ordinary word rat covers two different species in Eng- 
land, and several mcnre in other countries. The habits of our 
two rats are quite different, and the first thii^ to find out if you 
want to rid a building of rats is which species is infesting it. 

As for the word race, it has so many different meanings as 
to be useless in scienti^ discussion, though very useful for 
getting members of the same nation to hate one anoth^. If 
it means a group of people with very similar inborn physical 
characters, espeaally of skin ^d hair, then we ought to talk 
of red-haired people as constituting a special race. If it means 
people who t^ similar languages, as when the phrases Aryan 
race .or Slavonic race are used, then American negroes and 
whites belong to the same race, and Basques to another. 

In fact our discussions of race are still at the pro-scentific 
level, as would be a discussion of whether the mustard at Imeak- 
fast was hotter than the tea. The same is true of most dis- 
cussions of intelhgence. No doubt our descendants wiH be 
able to treat these matters sdentififeally. But we cannot do so 
yet, and we should be extremdy suspicious of pec^k who say 
that they can. They are very often trying to do in Britam 
what die theoreticians of the Nazi movement did in Germany, 


K 



Wk “Hard” Mem 


/ N the last article I mote about the way in wbidi oed^ 
words flange their meaohig as they are wed in science 
aiul technology, taking as an example we word "hot*\ All 
ai^ecdves start as descriptions of qualities. They end up as 
dwadptions of quantities, if they are takm over by science. 
A word like “big” or “long” is entirely relative. A mile is a 
ioi 3 « swim but a short walk, because an ordinary man often 
warn a mile, but seldom swims a mile. A man is large 
compared to a cat, and small compared to an elephant, and so 
on. This sort of contradiction does not trouble anyone but 
philosophers, because we are accustomed to measure lengths, 
and we all know what a foot or a mile means. 

But we are in much greater difficulties with some other 
common adjectives such as “hard”. Of course we use the 
word metaphorically, as when we talk of a hard question, 
meaning one which is difficult to answer, or hard X-rays, 
meaning rays which penetrate easily through matter. But I 
want to deal with the word in its ordinary sense, as when we 
say that iron is harder than butter. Everyone will agree that 
this is ttue. But it is not so easy to decide which of two pieces 
of iron is harder, and as a matter of fict there may be no 
definite answer to the question. When we come to accurate 
measurement, we find that the word “hard” has dozens of 
slighdy diffinmt meaninra. 

The most usual test ofnardness in steds is that of BrinelL A 
very hard sted ball of lo millimetres diameter is pressed onto a 
sted plate fi>r 30 seconds with a load of 3 tons. The hardness 
num^ decreases with the depth of the indentation. 

Another test of hardness which generally agrees pretty well 
with die Biindl test is the wdght which must be put on a 
diamond point in order that it should just produce a visible 
scratdi when pulled sideways. But as soon as we use moving 
bodies to measure hardness things become very complicates 
For example at a relative speed of 30 feet per second a disc of 
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quartz. In tlie same way hardness woieswiditesxipwattUse. 

If we compare an ordinary hardened carbon tool sted and a 
high-speed tool steel at ordinary temp^tnres, the former ht 
pobably a litde harder by the Brinell test But at a dull ted 
heat the high-speed steel is still hard, while dbeordinary tool 
steel is about as soft as' is copper at room temprature. As 
machine tools heat up during high-speed work, their hardness 
at high temperatures may be aU-imprtant Now these h%h- 
speed tool steels aU contain tungstoi, and plenty of it Prob- 
aoly the same proprties are required both in the armour plate 
of tanks, and in the noses of projectiles to pierce them. 

High-speed steels of ten years ago (for later developments 
are secret) contained anything from 15 to 25 pr cent of tung- 
sten, along with 2 to 7 pr cent of chromium, and in some 
cases molybdenum and vanadium. In foct in a typical high- 
speed steel less than 60 pr cent of the total is made up of iron. 
The other dements mentioned all have higher mdting points 
than iron, that of tungsten having the enormously high value 
of 3370° C, as compared with 1500° for iron. 

At the present time the Germans rdy on Spain and Portugal 
for their tungsten. For some reason this metal is invariably 
referred to in the press by its German name of wolfeam. The 
rulers of these countries have promised to cut down the supply 
of this metal to Hider to some extent. As they have habituiuly 
broken their pomises in the past, diere is no particular reasem 
to suppose that they will keep this one. British soldiers will 
continue to die in large numbers on account of the Hoare- 
Halifex-Laval policy of appeasement to Fascism, which sdll 
governs British policy to Spain and Portugal.* 

Hardness is also u^ as a measure of ^ amount of wear 
which a material wiU stand. But here again the details are very 
imprtant. We may want to test how a metal stands up to 
rolling feiedon without lubricant. This is essential in tests 'of 
rails, and wheels of railway vehides. Or we -may want to 
know how a metal stands up to sliding abrasion, ddier with or 
* Hiis eaqxHt was finalfy sniped by the Maquis, not die Office. 
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ivithom One steel may staiid better to 

bicdcoi, and atiod^ to slkimp GActixm. Here tbeir diff^ences 
in hardness probably d<^pend on' die &ct that metals sliding 
over <me an<^er actually melt at the point of contact, so their 
properties at high temp^tures become important. 

Within a century or less we shall probably be able to calculate 
the varidus kinds of hardness widi great exactitude firom a 
knowledge 4>f the forces betwcai atoms. At present wc cani 
only do so very roughly. Probabh ^ ^ /sicists of the future" 
will be able to specify the dificrent Kinds of hardness very com- 
pletely in terms of a few numbers. 

It would be possible to deal in the same way with the 
meanings of various words such as toughness, elasticity, and 
brittleness, which are applied to solids. None of these can be 
expressed by a single number. 

The properties of liquids are a good deal simpler than those 
of sedids, and the properties of gases arc simpler still, though 
anyone concerned with the design of aeroplanes finds even 
gases quite complicated enough. And when wc come to such 
a property of material systems as life, the complications arc of 
course vastly greater. Scientists are reproach^ because they 
cannot say in simple terms what life is. It is easy enough to 
point out differences between a dog or a cabbage and a stone 
or a machine. It is much harder to draw the line when we get 
down to the ;^ents of smallpox and other diseases, which 
behave in some ways as if alive and in others as if dead. But if 
anyone reproaches science because it cannot yet give a comn 
pl^ account of life, it is a fiur reply to ask mm what he 
means by hardness, and how he would tell if one thing is 
harder man anothor. 



Control Experiments 

O NE of die features of scientific research which the 
ordinary man finds hardest to understand is the necessity 
for what are called control expmments. We alter a 
system in some way« and soniething happens. We are apt to 
assunK that we know why it has happoira. 

For example a sleepless man is given an injection of a dn^, 
and fidls adeep in ten minutes. We assume that the drug is 
responsible. We pass an electric current through a coil, and 
a piece of metal moves. We assume that the current has 
produced a magnedc field. But in both cases we have done 
something quite compHcated. The man knows that he is 
getting an itqection, and the nurse tells him that he will be able 
to sleep now. In passing the current through die coil, we have 
not only made it magnetic, but have warmed it, and caused 
other changes in it Perhaps the injection only pot the man to 
sleep because he beUeved it would do so, or tlfe current only 
acted by heating die coil. Hence, if we are to be scientific, we 
must try whether the man will sleep if the nurse injects salt and 
water, and whether the metal moves if the coil is warmed with 
hot water or a flame. These are elementary control experi- 
ments. They are catainly not enough. If the man goes to 
sleep a faith healer might say that dm proves that drugs are 
unnecessary. But the dummy injection may not work at 
first, thou^ it is quite efficient after the drug has acted half 
a dozen times, and the man has got the habit of going to sleep 
when an injection is given. 

A very important type of control experiment is this. We 
have treated a hving creature or some other compHcated 
s^tem with a chemical substance, and got a clear-cut result 
But are we sure that this is not due to a trace (^impurity in the 
chemical concerned? 

It may be so. The sheep in one area of New 2feahaid used 
to die of a disease, one of whose symptoms was anaemia, that 
is to say, thdr blood cmitained too Htde of the red pigment, 
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hamc^lobih. Many cases of human anaemia, though not dl, 
are in^roved when m with iron salts, hron salts hsm a dram^ 
atic eroct in cutiz^ the shera. It looked a dear case of cause 
and ^ect, but since great plants always contain iron, and will 
not grow without it, it was hard to see why the sheep were 
short of it. And occasionally iron salts did not work. Hnally 
it was found that the cure was not due to iron at all, but to 
cobalt.' This is a metal with properties hdrly dose to those of 
iron, and generally found as an impurity in it. The soil in 
the areas of New Zealand where ^ disease occurred con- 
tained enot^h iron for the sheep, but not enough cobalt, and 
the cobalt present as an impurity in commerdaTiron salts had 
cured the sheep. Since then cobalt-defident pastures have 
been found in England and other coimtries, and quite small 
amounts of cobalt salts scattered on them are enough for the 
sheep. It is still imcertain just why cobalt is needed for the 
making of blood; and it is iron, not cobalt, which is most often 
needed in human anaemia. 

One of the big, and perhaps inevitable, defo^ts of sdence as 
taught in schooh and universities, is that experiments are de> 
signed to “come off” and the difficulties found in research 
work are avoided. I wonder how many students could give a 
satis£u;tory proof that the tests which they have learned for 
various elements, or the effiects on plant growth which they 
have seen, were not due to small quantities of impurities in 
the substances they used. 

Controls are especially important in medicine and agri- 
culture, where a great many conditions are varying zt once. 
If the deathr-rate nom a disease &lls afta some new remedy 
has been tried, this is far fi:om a proof that it is of any use. 
The medical offica in the district may have got more interested 
in the disease, so that evoi the mildat casa are reported, and 
if so the percoiti^ of deaths naturally hdls. Or the disease 
may have become less deadly for some unknown reason. 
The hirma or smallholder who starts using a new compost is 
quite likdy to look after his plants better in other ways also, 
to put tin increased crop down to the improvement in 
the seal. So the workers at i^;tkoltural experixnental statitms 
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hiive to take caze to vary only one conditioii at a tune, and to 
lean over backwards, so to say, in order to be sore that they , 
are not uturonsdoosly bdiping to prove wdut they want to 
prove — or what Imperial Chemical Indhstries want them to 
prove. 

' Critics of Marxism say that politics cannot be sdoitifiii 
because you cannot do controlled experiments, £br examf^ 
running 20 &ctories under ordinary- o^talism, 20 similar ones 
under state capitalism, and another 20 under democratic 
socialism, and comparing their efficiency. So it is worth 
pointing out that in many sciences experiment is impossible. 
You can’t discover experimentally how the tides would bo> 
have if the moon went round the earth once a week instead < 
of once a month, or what sort of rock would have been laid 
down if England had been deep under the sea at the time when 
our coal seams were formed. Nevertheless astronomy and 
geology are sciences. Marxism became more scientific as it 
developed into Leninism and Stalinism. The Bolsheviks had 
a correct poHtical and economic theory. But that was not 
enough. They experimented on a great scale. For example 
they tried state farms and collective forms. The latter worl^ 
better ia most cases, though, for all we know, state forms 
might work better in a Socialist Britain. Thw were able to 
compare the results of di&rent experiments, ror many types 
of productive relation are possible under Socialism. ‘Above 
all, as any reader of the History of the C.P.S.U. finds out, they 
learned from their mistakes in a truly saentific manner. 
Leninism is not only a historical science like geol<^. It it 
an experimental science because Leninists make history as well 
as studying it. 



Adventures of Words 


of the fust things a Marxist learns is diat evoTthing 
has a hi^xuy. Nothing has existed hu ever in its 
presmt f<um. Some diings have a Ico^ and important 
rotore, others are going to perish very soon. Thus the hbk>- 
gist can trace the ancestry of men and histms, and say, that, as 
there are two thousand minion men, of whom about one-tenth 
are already seriously plannii^ their future, and cmly about 
two thousmd hisons, preserv^ as ouiosities, men have more 
of a hiture than hisons. 

The sociologist can compare the young and vuorous 
Socialist state and its institutions, such as soviets, coUet^ve 
&nns, and state planning commission, with capitalist states 
and thdr institutions such as stock exchanges and hereditary 
titles, and also with more primitive societies such as Ahican 
tribes and their polygamous chieh and rain-making wizards. 
And he can forecast where the future hope of mankind 
lies. 

Today I am concerned with the history of words. Some 
merely diat^e their form, but not their meaning. The 
stablest of all are numbers. “Four” and “seven” have changed 
a little foom their Anglo-Saxon forms “foower” and “seofon”, 
but their meaning has not changed. 

One might thi^ that words for common and easily recog- 
nized things, such as animals, could not change their meaning. 
But some are doing so today. A hundred years ago a km 
generally meant a young goat. Now it genorally means a 
human child. Quite likdy the old meaning will he forgotten 
in a hundred years. The Anglo-Saxon word for cattle was 
“feoh”. As payments were commonly made in cattle, it also 
came to mean a payment, and has survived in the modon 
“fee”. It is also the root of such words as fief, feudal, and 
feu, which is the Scottish word for a lease. They all refer to 
payments in kind by peasants who very likdy never saw a coin 
in their lives. On trc other hand our word “cattle” is dmved 
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£ront Lattn “apeak**, meamne stock, from sidhack tke 
word ‘*cwitai*’ also comes. If oor latigaa^ lud devdo{>ed a 
Htde dimrendy, Marx’s greatest work would be calkd 
“Catdc”. 

Naturally names describing social positiai change as society 
changes, hi an Ang^o-Saxon house the husband was called 
“hlafweard”, or loaf-warden, his wife the “hlacfilige’’, or loaf- 
kneader, and the servant “hlafiicta*’, or loaf-eater. “HlaT* is 
derived from the same root as die Russian “khkb**, for bread, 
and “dige” from the same as “dough**. The first of these 
words have gone up in the world, and become “lord” and 
“lady”. Perhap Lord Woolton might be called a loa£> 
warden, but very few peeresses would be much use at baking 
today. The social changes in the next hundred years may. be 
as great as those in the last thousand, and it would be interesting 
to guess which of our words of today will be regarded as 
specially honourable in 2042. I think “comrade” is one of 
^m. 

If substantives change their meaning, adjectives turn somer- 
saults. I will only instance “jolly” and “nice”. The Greek 
word “diabolos” means originally one who throws throi^h, 
as a good bowler throws through the batsman’s defence. 
Then it meant a prosecutor, including the angel who was 
supposed to accuse men to God. This accuser was also sup- 
posed to be a tempter, like the officials who today tr^ to get 
clothes without coupons, and “diabolos” is the root of “devil”. 
A mediaeval Latin word for devilish was “diabolivus”. As 
long as Christianity was a people’s religion, the devil was 
regarded as an enemy. But in the MidcUe Ages the Church 
as a whole was lined up with the nobles gainst the people, 
though it produced a number of priests like John Ball who died 
for freedom. Hence many peopk regarded the devil as a 
fiiend, and “diabolivus” has b^ome “joH”, or pretty, in 
French, and “jolly” in English.* 

“Nice” is derived from die Latin “nescius”, ignorant, and 
meant foolish, weak, or simple, in mediaeval French. In 

I This derivatum is due to 'Wheadey. Not all etymologistt agiee with 
him. 
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Bli«>hethan Eni^sh it meant trivial, as in ^iakes{>eare*s *‘every 
nice ofience*'. Hien it came to mean accurate, as m ^ 
modem word “nicety**, and still later to mean pleasant, pn- 
haps because crafbmen eiyoy acauracy. 

When the history of our country is taught as die history of 
social change, die history of our w<»rds will be used to illustrate 
it, and such hurts as these will be part of oiu: general education. 



what Use is Philosophy? 

G ALEXANDROV and four colleagues have just been 
. awarded a Stalin prize of 200,000 roubles for a three^ 
volume book on the hutory of philosophy. Most of the 
other prizes wrat to sdoitists. Many people will be inclined 
to say, “Why rank with scientists men who have merely 
described opinions, mosdy filse, held by a number of 
people in the past? No doubt this has some interest, like a 
Wory of fiii^ tales or astrology, but it isn’t much use, 
pardcidarly at me present grim moment.’’ 

There are a great many reasons for studying what philo- 
sophers have said in the past. One is that we caimot separate 
the history of philosophy from that of science. Philosophy is 
largely discussion about matters on which few people are 
quite certain, and those few hold opposite opinions. As 
Imowledge increases, philosophy buds o£t the sciences. 

For example, in the ancient world and the Middle Ages 
philosophers discussed motion. Aristode and St. Thomas 
Aquinas tai^ht that a moving body would slow down unless 
a force were constandy appHed to it. They were wrong. It 
goes on moving unless something slows it down. But they 
had good arguments on their tide, and if we study these, and 
the experiments which proved them wrong, this will help us 
to distinguish truth from frlsehood in the sdentifrc contro- 
versies of today. 

We also see how every philosopher reflects the social life of 
his day. Plato and Aristode, in- the slave-owning society of 
ancient Greece, thought man’s highest state was contemplation 
rather than activity. In the Midme Ages St. Thomas l^eved 
in a regular feudal system of nine ranks of angels. Iferbert 
Spencer, in the time of free competition between capitalists, 
found t^ key to progress in the survival of the Attest. Thus 
Marxism is seat to frt into its place as the philosophy for 
the workos, the only dass with a frtture. But we can hardik 
guess what the world will look like to men and women wim 
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several geoerataons of conuntmism. beh^ diem, v4io take die 
brodiernood of man for granted, not as an ideal to be aimed 
at, boi a &ct of life, autid yet know that diis l»T>dierhood was 
only achieved by ghasdy struggles. 

Tlie stoxly of philosophies should make our own ideas 
flexible. We axe all of us apt to take certain general ideas for 
granted, and call them common sense. We mould learn that 
other people have held quite difl^ent ideas, and that our own 
have started as very ori^nal guesses of philosophers. 

If a dog could speak, it would probably not distinguish 
between motion and life. Some prunitive men do not do so, 
and travellers interpret them as saying there are spirits every- 
where. In our age of machines we arc apt to look for mech- 
anical explanations of everything, yet it is only three hundred 
years since machines had been developed so far that Descartes 
first suggested that animal and human bodies were machines. 

A scientist is apt to think that all the problems of philosophy 
will ultimately be solved by science. I think this is true for a 
great many of the questions on which philosophers still argue. 
For example Plato thought that when we saw something; one 
ray of light came to it firom the sun, and another firom our eyes, 
and that seeing was something like feeling with a stick. We 
now know that the light comes firom the sun, and is reflected 
into our eyes. We don’t know in much detail how the changes 
in.our eyes give rise to sensation. But there is every reason to 
think that as we learn more about the physiology of the brain, 
we shall do so, and that the great philosophical problems about 
knowledge and will are going to be pretty fully cleared up. 

But if our descendants know the answers to these questions 
and others which perplex os today, there wiU still be one field 
of whkh they do not know, namely the future. However 
exact our science, we caimot know it as we know the past. 
Philosophy may be described as argument about things of 
which we are ignorant. And where science gives us a nope 
of knowledge it is often reasonable to suspend judgment. That 
is one reason why Marx and £ngds quite rightly wrote so 
little on many pMosophical probtems which interested their 
conitenqKacalies. 



WHAT USE IS PHILOSOPHY? 

But we have got to prepare for the future, and we cannot do 
so rationally widiout some philosophy. Some, people say we 
havF only got to do the duties revedled in the past, and laid 
down by rdigion, and God will lode after the future. Others 
say that the w6rld is a machine, and th^ course of future events 
is certain, whatever efforts we naay make. Marxists say that 
the future depends on ourselves, even though we are part of 
the historical process. This philosophical view certainly does 
inspire people to very great achievements. Whether it is true 
or not (and I think it is true) it is a powerful guide to acticni. 

We need a philosophy, then, to hdp us to titckle the future. 
Agnosticism easily becomes an excuse for laziness and con- 
servatism. Whemer we adopt Marxism or any other philo- 
sophy, we cannot understand it without knowing something 
of how it developed. That is why a knowledge of the history 
of philosophy is important to Marxists, even during the present 
critical days. 



Is Psychology a Sdencej 

R eaders fisquently mite to me on psydkologiqi 
^ questions. Some are questions of individiial psyoio- 
logy. “How should I get over my fear of so-and^o, or 
my irrad<mal objection to something else?” Obviously I 
cannot answer them. Even a psycho-analyst cannot do his 
yvork by correspondence, but must talk with his patioit £ot 
many hours before he gets any result The only general advice 
for such people is that one onen overcomes internal difficulties 
if one has a big enough interest outside oneself Readers of 
die Daily Worker shotud certainly be able to find one. But I 
am not at all sure that psychology is part of my job. I do not 
think it is a science yet, though 1 think it is on the way to 
becoming one. History shows that science has gradually 
extended its field, and that what was a mystery to our ancestors 
is understood, and often controlled, by ourselves. 

A fully developed science has two characteristics. In the first 
place it consists of statements which can be checked. When a 
zoologist or botanist names a new species it is not ^ough to 
describe it. He must deposit a type specimen in a museum 
so that his colleagues can verify his description. I know a 
man who believes that he has found the cure for a serious 
disease, and that there is a conspiracy of doaors and scientists 
to prevent him from pubHshing full accounts of his work. I 
have seen a paper which he wished to publish, and do not 
bdieve in the' conspiracy. For the account of how he made 
his remedy was so vague that no-one could repeat his prepara- 
tion and see if they got the same results. 

A lot of the statements made by psychologists cannot bp 
checked, because we cannot inspe^ another person’s mind. 
The behaviourist school think diat psycholo^ should only be 
concerned with peoples’ actions, and not wim thek conscious- 
ness. I do not agree. It seems to me a scientific fact that very 
hot water produces a kind of consciousness which is hkc ffiat 
produced by a Inroken bone or a Uow with a whip, and whidi 
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VK call pam. But a great many statements about c(mscto«pefS 
canned be chedeed, and a £ur number are deady &lse. 

Secondly the fidly devdoped sdences form a unity. They 
afl link up uddi physics, and can be stated in the language of 
physics, though th^ luve their own language. , Inus die 
statement diat white mice with pink eyes dways breed true 
can be put in terms involving wave-lengths of light, and other 
physical notions, thot^h it would be tedious to do so, hi 
other words sdence b^omes more materialistic as it grows. 
This does not mean that biologists think that a mouse is a 
machine. Only a few of them do so, and there are no Marxists 
among them. But very few think that a mouse is only a set 
of sensations, or that it is matter plus an immaterial souL 

At least three branches of psyoiolc^ are already sdentific. 
One is the exact study of sensations. Probably every British 
psychologist working in this field is now engaged on war work. 
To take one example, it is essential thsu a night pilot should be 
able to see every indicator on his machine dearly, so as to 
know his hdght, how much petrol he has left, in what direction 
he is flying, and so on. But he must be able to look ftom any 
of them into the air without being dazded, and detect an 
enemy bomber. And he must be able to do this at a great 
hdght, and when fatigued. So psycholc^ts must study the 
best possible system of lighting, and the e&ct of oxygen want, 
fatigue, and ouier conditions, on night vision. They must also 
de\^ tests to pick out men who are particularly suited ft>r this 
work. 

The psychology of skilled work is equally important. 
Industrie psychology has made considerable process in 
capitalist countries, but it has been mainly studira horn the 
employer’s point of view. And the workers have been justly 
suspidous t^t it is only used to increase profits by speeding 
upworL In the Soviet Union a great deal ofsimilar work has 
been done, particularly in a great institiUe at Kharkov. It has 
helped to provide a sdentific basis for the Stakhanovite move- 
ment. Unfi^rtunately very little is known of this worir in 
Britaiu. 

Finally we come to the sta t isti c al study of individual alnlities. 
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Tfae problem is essentia% 3 practical How caa we devoe 

a simple series c£ teas to determine wbetber a boy or girl u 
likely to be a success in a particular job, say a bus driver, a 
dentist, or a salesman? Tije only way to discover diis is by 
trying a great numbo: of tests and seeing how £u: dbe results 
s^ee wim one another, and which is the best practical guide. 
Unfbrtunatdy a lot of n<msense has been writien about their 
results. An “inteUigence” test is ^ to mean a test for a 
mind whidh works Hke that of a professor. But the profes- 
smial brand of inteUiget;^ is not the only kind. 

In the United States, European and Chinese children do 
about equally well on intelligence tests, but negroes and red 
Indians are not so good. This< does not prove that they are ' 
stupid. The Indiam were superior to Europeans at hunting, 
tracking, and finding dieir way in forests. I should like to see 
the results of tests devised by a negro or a red Indian. Very 
possibly Europeans would not do so well on these. Again it 
has bera supposed dut these ^ts are measures of inborn 
ability. But it has been conclusively shown, by studies on 
adopted children, that environment counts for a great deal, 
though it is not yet certain fer how much. 

The psychology of the intdlect, emotions, and will, can only 
become fully scientific when we know as much about the 
brain as we Imow about the eye and other sense organs. As the 
brain is much more complicated and l«s accessible than the 
eye, this will take a long time. 

Some critics of Marxism say that we cannot apply scientific 
method to politics until we understand the psychology of the 
individuaL This is incorrect. We knew a great d^ about 
the behaviour of solids, liquids, and gases, consisting of large 
numbers of atoms, before we knew anything about me atoms. 
In die same way we can predict human behaviour in the mass, 
without knowii^ whan an individual will do. We know that 
if the price df cigarettes rises, fewer will be bought We do 
not know if Mr. -Smith will eccmomize on ^;s or movies. 
Though Marxism will certainly benefit fix>m advances in 
individoal psychology, it is alr^y a genuine and sciemific 
analyris of human b^viour in the mass.- 
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Air Raid Noises 


B y now,* unfisrtunatdy, most of the people of Bntaiii 
know the risii^ and idling hum of a two-mgtned 
•bomber. This is an example of the phenomenon called 
inter&raice, which happens whatever two traiiis of waves 
start out firom nearly the same place with nearly or quite the 
same periods. In the case of a bomber, it occurs vmoi the 
two engines are not quite synchronized. Suppose that one is 
sending out sound waves 200 times a second, and the other 201 
times, then once a second the two engines will be firing in time 
with one another. The two sets of sound waves will remforce 
one anotha, and the sound will be loud. .And once a second 
they will interfere with one another, and the sound will fiide 
out. 

This is interference in time, but we can also get intaference 
in space. If the two engines are synchroni^, and some 
distance apart, there are places where the sound waves arrive 
together, and the noise is loud, and others where they cancel 
one another out, and there is comparative silence. If the 
aeroplane were stationary, these would form a pattern on the 
ground. Owing to the speed of bombers, this effect cannot 
be noticed. 

But efiects of this kind are easily noticed with light. Every- 
one knows the rainhow-like effect of a film of oil on water, 
or a filtw of air betweoi two glass sheets. This is due to a 
.simple kind of imerference. Some of the light is reflected 
firom the near siufece of the film. Some goes through to the 
fiir side and is reflected thae. If the extra length of path is 
just one, two, three, or some whole numba of wave-lmgths 
the %ht is indreased. If it is just a halfi one and a half, or some 
such numba, the %ht is Extinguished. So with a one- 
coloured light, such as that firom .a sodium lamp, we get a 
pret^ simple pattern, of light and dark bands/ 

'White hght, which is a mixtum of many colours, naturally 
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E ves a more complicated pattern. Interfi»ence of diis kmd 
IS been used bom for measurme tbe wave-lengtbs of Jight 
and die'thidmesses of various kinds of films. One df its most ' 
striking applications was the measuremdtit of the size ,of a 
“fixed” star. Just as intcrfisrence can be used to measure very 
small distances such -as the thickness of an oil film, it can be 
used, to measdte very small angles, such as that between the 
rays of light coming to a telescope from difierent parts of a 
distant star. The stars measured in this way were all very 
large ones, fiu: lasger than our own sun. But the results 
obuined agreed very well with calculations based on the 
luminosity of the star, its distance, and its temperature, which 
can be roughly measured from its spectrum. 

Other painnilly familiar sounds are those of frlling bodies, 
cither German bombs, or parts of British and-aircrafr shdis. ' 
All bombs fiill considerably more slowly than the speed of 
sound. So they give some warning of their approach, unlike 
bullets, or shells from many types of gun, which travel quicker 
than sound, and therefore give no warning. If a bomb drere 
falling through empty space containing no air, and if we 
neglect the speed of the bomber, it would have to fall for 
19,000 feet to get im to the speed of sound, which is 1100 feet 
per second. This ^ would take over hal^ a minute. Allow- 
ing for the bomber’s speed, a fall of 15,000 feet would be 
n^ed.. But the air resists its fall, and a good deal of the 
energy which would otherwise be converted into motion is 
made into sound. Some energy is also used in stirring op the 
air, and in heating the bomb and the air. 

In ccmSequence, even if dropped from a greater height than 
19,000 fret, and even though they start with a considerable 
horizontal speed from die motion of the bomber, bombs do 
not move au quickly as sound, though they may get up a 
speed of 900 feet per second. Any ^]mg body finalw attains 
a nearly constant speed at which the resistance of toe ak is 
equal to its weight. For. small shdl splinters fidhng from a 
great, height this speed is not voy large,.thoi^h they can break 
glass. IrUger splinters or shell caps can smash a roof or kill 
a man. And a quarter- 4 (m bomb with a ddayed-acdon fuze 



caft i^ecoe half % ^bam <S#lad£ <Bemgir, &oaa b e fa ee twnilSrtg. 
For not. only <loes it more <dun a smaller one, bat it cm 

get up a-greater speed. 

So &r 1 l»ve written of sounds, which are periodic ohaiige^ 
in air ptessaxe, moving at iioo feet per second. The blast 
wave; howevo', is of a dif^oit kind. It travds fiisein: than 
sound, thou^ not very much so outside die flush area. 'And 
it is not periodic. On die contrary the pressure rises with 
extreme speed to a very high value, and then flills back below 
normal. In fact there is a period of motion whi(^ lasts much 
longer than that of pressure, though it is not so violent. The 
whole thing is over in a small fraction of .a second, lave fr>r 
very slight changes. 

These frets explain many of the efl^ects of blast. If a 
bomb bursts in the street. Window glass is generally 
driven into houses close to it, but further away .the suction 
wave may puU it out. This is particularly so round comers. 
The suction wave can turn a comer more easily than 
the pressure wave. The efiect of blast on windows is ap- 
parendy erratic, but follows definite laws. If you try to 
rock anything, for example a car, a lot depends on the speed 
at which you work. If too quick or too slow, nothing much 
will happen. If you manage to push in harmony with a 
natural period of die car, you will get it moving. 

So with a window. Glass panes have a natural period of 
vibration, generally round a hundredth of a second. If the 
blast wave sets a pane vibrating in this way it may break, when 
a lar^r pane with a longer period or a smaller one with a 
shorter period will escape. Again as the blast wave goes down 
a street, it is reflected from one side to the other, and if the 
original and reflected waves arrive at the right interval, the 
two together may smash a pane whilst one alone does not. 

Unlike the blast wave in the air, the jhock wave in the' 
ground is fitirly quickly converted into a series of periodic 
waves. Even ao yards from a bomb explosion the ground 
moves to and fro several times. If you can ebunt dm number 
of these ^ves and time their frequency, that is a proof that 
you have a more sdentific temperament than^I have. 
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"mm^^ aa^ottiag. , Any 
'Mandst wl»> can do so will at kast be able to see our.presmt 
sofiEemg as part of (be historical process, something which 
inribrtonatdy seems to be inevitable be&»» people wu wake 
up to the tnnh and shake off capitalism. The more people 
can aoqmze that hrame of mind, the sooner we shall be Out of 
the wood. 



Seeing in the Black-out 

C OUNTRY tlwelkn ofiea lu^ve to find their way about 
in fibe dark. Bar some townspeople have had this 
experieuce for the first time in theur lives during the 
bl^k-outs. And a number have been kiUed, either because 
(hivos could not see pedestrians, or because pedestrians 
thought a dimly lighted car or lorry was a htmmed yards 
away when it was on top of them. The black-out regulations 
are being made more sensible, but something can be done 
firom the human end as well as the mechanical one. 

Some animals can only see in the dayUght. Hens are quite 
blind in ordinary twilight. Others, su^ as owls, can see 
better in moderate darkness than in daylight. .Men can see 
both in strong and dim light, but not without preparation. 
The process of adaptation takes some time. If we come out 
of darkness into strong light we are dazzled, and the light 
may even be painful, but we can sec all right in a very few 
minutes. 

But adaptation to darkness takes half an hour to complete, 
and is often very poor even after ten minutes. The first 
thing that happens when we go firom light into darkness is 
that the pupil of our eye gets bigger, so that more light enters. 
But this only increases the sensitivity about five times. The 
same principle is employed in a camera, where diJBEerent stops 
are used. The main change is a chemical change in the retina, 
as the sensitive film at the back of the eye is called. This 
consists of the building up of a purple substance called rhodop- 
sin which plays a part in the eye lute that of silver bromide in 
a photographic plate. If this is allowed to go on for half an 
hour the sensitivity of the eye is increased about ten thousamd 
times. That is to say the dimmest light that can just be seen 
is one tenr-thousandth of the brightness of one which cotdd 
just be seen befere adaptation. Or die same li^t can be seen 
one hundred times as w away. 

Dark vision has some peculiarities, whidh ot^ltt to be 
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generally knoym. As a coloured lig^t gets dinuner its colotff 
(Esappeats. Kxst of all Uue light appears white; then green, 
ydUow, and last of dll red, lose dbm colours. This is why 
red liglids are used for warning. In daylight we can see a 
thing best by looking at it, but in nearly complete darkness 
we see it best if we look at something else. Finally, in the 4 ark 
even the sanest people see vague moving shapes when there is 
nothing to see. Sentries soon learn to smow fen: this hu:t. 

Hie practical lesson to be learned is this. No-one should 
start to drive a vehicle in a black-out until he or she has been 
in the dark for at least five minutes; and ten or fifteen are 
better. If you light a match to smoke, remember that ihh will 
cut down the power of your eyes for several minutes. Pedes- 
trians should take the same precautions. Never attempt to 
cross a road immediately after coming out of a hghted build- 
ing. Walk along the pavement for a few minutes first. 
When you cross remember that it is very hard to judge the 
distance of a dim light. That car may be much nearer than 
you thinkl 

So fiu: I have written as if everyone were equally good at 
dark adaptation. This is not so. I am better than most, as 
I found when patrolling no-man’s-land at night during the 
last war. A few people are nighb-blind like hens, and cannot 
even see the stars, let alone find their way by starlight. Many 
are intermediate. Before you start driving in black-outs you 
should compare your vision with that of a real expert. There 
is no disgrace in being night-blind, but it is disgraceful to drive, 
and thus risk your fclloW lives, if you are so. Some night- 
blindness is inborn. But a great deal is due to undernourish- 
ment. Dr. Harris of .Cambridge found that 90 per cent of 
“public” schoolboys, but only 45 per cait of elementary 
simoolboys and 50 per cent of thrir mothers had good night 
vision. The ddket can generally be cured by giving plenty of 
vitamin A, which is one of dte components of rhodopsin. 
Ihe cure takes several weeks. The best sources of vitamin A 
in ordinary diets are butter and mai^atine. But very ccnicen- 
trated pieparations fiom fidi-liver oil are available. If 
employm issued these to bus and lorry drivers, a number of 
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accddonts wcxdd avoided. This -will be still mote vital ' 
when butter is rationed.* Alieadf dw butter shmtage is 
causii^ nightHbhndhess in Germany, so their black-outs must 
be even mme dangorous dian outs. 

I£ tixese simple nues were followed we could, I bdieve, save 
dozens of lives a we^ and avoid some hundreds of mincxr 
accidents. At the present titiie, vhen the naticm needs all our 
effort, and every b^ in every hospital, this is supremely wordi 
doing. 

* This vras written in 1939. 



Death Rays 

D uring die last war the press was fall of stories of death 
rays, aad there were even more during the praod of 
preparation for this one. Some inventors made qtdte tidy 
sums out credoloos admirals and senerals. I wish these 
stories were true. A death ray is just the thing to bring down 
bombers. If every town in Britain had one, we cotud turn 
up our lights ^ain, and the children could come back. 

Here is the reason. <A searchlight operator may catch an 
aeroplane in his beam, but it does not follow that an anti- 
aircraft gunner will hit it. If the bomber is two miles up, the 
%ht ftom the searchlight takes one hundred-thousandth of a 
second to reach him,-^uring which time the bomber, if it is 
going at 300 miles per hour, has moved a twentieth of an inch. 
So the bomber Can no more hope to escape the searchlight by 
mere speed than a snail can escape ftom a greyhound. 

Now suppose a gunner fires a shell at the bomber, and 
suppose the average speed of the shdl is half a mile a second, 
which means a muzzle vdbcity well above this, the shell takes 
four seconds to reach the plane. During these four seconds 
the plane has moved 600 yards. To score a hit the gunner 
must estimate the plane’s speed correcdy, and if the pilot is 
dodging, he mUst'rc a thought-reader too. Even if the shell 
passes within a foot of the plane, it won’t hurt it unless it 
bursts at the right height, which means very careful work with 
the time fuze. So anti-aircraft artillery is not very dangerous 
unless there is a great deal of it. An attack on a fleet protected 
by hundreds of anti-aircraft guns is no joke. But in an attack 
on a town defended by two or three,* it is bad luck for the 
bombers if one of them is hit. 

Now suppose that, instead of the searchl^ht beam, die 
defenders 1^ some kind of ray which, the moment it touched 
the phuu:, would set it ^ght, stop its engines, or kill the pilot, 
thh]^ wotdd be very dmermt. We ^ouldk hi eSxxX, be 
I Hiis was written in 1939. 
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pymg. ikfi gnODm » 'gmi nvidi a nuisa^ velocity itia««M4 
oeady half a nuUum times, and no need for iuze-sc^tiiig. H0 
wonder bodi inventon and journalists who do a Utde wish]&d 
thinking ace keen (m death rays. 

The idea osuig rays m war&re goes back to very ancient 
days.* More than two thousand years ago the Romans be* 
sieged dhe Greek dty of Syracuse. Anumg the besieged was 
the greatest scientist of the, age, Archimedes. He probaUy 
doigned catapults and other machines to sink the Ronum 
ships. And there is a story that he con<%ntrated the sun's rays 
with loises, and s^ them aWht. We know that this is untrue. 
To set a ship alight evoi feet away would probably need 
a lens ao ^t adoss, and the Greeks could not make them. 
They caxmot be made today. Perhaps, however, he tried to 
make such a lens. Or perhaps the Syracusan Ministry of 
Information dropped leaflets over the walls saying that he was 
going to. Anyway this first death ray was no good, and the 
Romans took Syracuse and killed Archimedes. 

As fer as I know, the first modem death ray was invented 
by Mr. H. G. Wells. It was used by invaders firom Mars to 
destroy several English towns, and rout the Britifli army. 
This ray was a searchlight sending an invisible beam o£ heat. 
If it touched an inflammable object, this caught alight at mice, 
while iron and steel melted in a few seconds. *- la the same 
book the Martian invaders used shells with poisonous gas. 
As <the book was written in the 19th century, this show& uut 
Wells was thinking well ahead of his own time. Nevcrthel«s 
the heat ray won t work. A simple calculation shows that 
any substance hot enough to send out such a ray would nQt 
merely melt, but explocfe into fiery gas in a tiny fiaction of a 
second. So although gas shells are quite practicable, anyone 
who tried to produce a Wellsian heat ray would merely blow 
himself up. 

At the time when Wells wrote The War of the Worlds 
physicists were discovering all sorts of invisible rays. Besides 
visible rays, infisMsd rays with heatii^ power, ultnMriolet 
rays with chemical activity. X-rays, beams of rsKlio 
waves, whkh can be regatdm as rays, wa:e being duposmred. 
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Amo^s all dbqp it ww «^te natand to iIiidIc dot tome woe 
Iflcdy to be veiy ikadBy, jost as of tbo diotuaiids of near 
chemicals, adiich arete made eadi year, a few tamed om; to 
be very poascmoos, dioug^ most of them weie hamdos. 

And in &ct some of these new rays were rather dea^y. 

' Ultrap^iolet rays Idi^ die skin, and X-rays kill as wdlas'Cure. 
A lot of die first gtoap of stu^eons who worked with them 
were killed. And it wasn’t a pleasant death either. Thdr 
ftkim were h^ored, and the ”buim” not cmly would not heal, 
but (dtm developed into cancer, aduch killed them ader years 
ofstidi^g. Inis sort ofthing would belittle use as a military 
areapoa. A battalion would not be stopped from attackii^ 
because they were liable to die painfrilly frve or ten years 
later. They would probably be told by the Staff that die 
threat was merely enemy props^anda. And we know that 
this scut of threat does not frighten people. Almost every man 
s^io worked a rock drill in Cornwall or Johannesburg thirty 
years ago died of phthisis within fifteen years. But wages 
were good, and there was no difficulty in getting drillers. 

We know now that all kinds of rays are periodic electro- ' 
m^inetic disturbances moving with the speed of light They 
difia according to their wave-length,' or what comes to the 
same thing, the number of cycles per second. Long waves 
measured in miles or hundreds of yards are the ordinary radio 
waves. Those measured in inches are the short radio waves. 
All of these are harmless, though a powerful beam of very 
short waves warms you up if it passes through you. Then 
come still shorter waves, measured in thousandths of an inch. 
These fimn infra-red rays, which have a decided heating effect, 
but are not dai^rous. Nor, of course, are visible rays. Still 
dimterwavesfisrmultra-viokt and X-4ays, which are dangerous. 

But diey cannot be used in war fi>r a very interesting reason. 

' The air is not quite transparent to them. Most of me ultra- 
violet rays whidb start from sun ate stopped by the air.' 
Even at the top of a mountain die sunlight has more sun- 
iratnim power in relation to its heating erort than at sea levd. 
And te» sunburn is due to the ultra-violet components of 
sunligk.,^ could quite wefi wa£t about on the moon 
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breatiting ox^m in ^essuze salts such as are used hig^ 
diets. Euc iraxae hM quartz &ce-taeces which &c throc^ 
the tdtnHvi<^ components of sunli^t, they would be 
(blly blistered. Natural selection has seen to it that we are not 
mum inured W my rays uduch will go through even k few 
hundred feet 01 air, though animals which live permanently 
uadorground are often kubd by ordinary sunlight. This is 
why evm if we had a source of ultra-violet radiation so power- 
ful that we codd use it for close^range fighting, it would be 
absolutely useless at a range of even lim a mile. 

There is one kind of d^th ray which is sometimes thought 
to be efilxtive on the basis of model experiments. This is a 
beam of ultra-violet rays so strong that it makes the aif conduct 
electricity. The idea is to shine such a beam on an aeroplane, 
and dien pass a powerful dectric current along it. This is 
however useless, for the reason that such beams are quickly 
stopped by air, and indeed if air did not stop them they 
womd not make it conduct. 

For such reaspns as these sdentisfs will not believe in death 
rays. One inventor demonstrated one about 1915 which, he 
said, killed a sheep. Certainly the sheep died, but the Govern- 
ment department which was offered the ray insisted on doing 
a post-mortem examination on the sheep, and found a qmte 
ordinary poison. Still I suppose the present Inventions Board 
have to examine several specifications for death rays every 
week, and may even have ta test a few. 

Finally there are rays which are alleged to st<m ei^fires. 
How they are to get through even a thm layer of metm we 
'Sure not told. But about ten years i^o the Germans were 
reported in the press to have brot^ht down some French 
aeroplanes by this means. If it were anything but a romance 
they would \x using it now. An inventor demonstrated a ray 
of thk kind to the Admiralty, and a tmmber of can suddenly 
stopped in the street when he turned it cm. But as an c^&dal 
car was una&cted, it was thought diat these cars must have 
been driven by his fiieods. ' 

I 'wish dhere was a death ray. But it is going to take a great 
deal to make me believe in it. 



Tile Commonest Poison Gas 


/^NE of , Regional Commissicniets lias xecentiy^ warned 

peo{^ of dw danger of warming air raid mdters by 
means of stoves or braam. Several people are already said 
to have -been killed in tbis way.- The warning is hdlyjtmified. 
Bnt it ou^t to have been given before the people wore killed, 
and given to the whole country. 

An ordinary dame, such as mat of a candle or an dl lamp, 
tises op oxygen, and bums oil or grease to form carbon dioxi^ 
and water vapour. In foct it changes the air in the same way 
as a human being breathing, except for a small amount of 
fomes which smw but are harmless. But things are different 
when the burning is incomplete. This may occur for several 
reasons. If a dame plap on a cool surfoce, for example the 
underside of a ketde, the process of combustion is suddenly 
stopped, and some of the gases in the dame do not combine 
folly with oxygen. 

Tne most important gas produced in this way is carbon 
memoxide, CO, as opposed to carbon dioxide, COj* This is 
dso formed in a coke mazier, because the air dow through the 
red-hot coke is not enough to bum it completely. Some of 
the carbon monoxide bums above the coke with a duU blue 
dame, taking up another atom of oxygen to become carbon 
dioxide; but some of it gets away. 

^ Now carbon monoxide is a ddriy poisemous gas, though 
nothing like as poisonous as chlorine, phosgene, and others 
used in war. But it is dangerous because it is one of the 
fortunately rare gases which poison you without preUminary 
warning.* If you are poisoned by phosgene in a gas attack 
or by nitrous fomes in an explosive foctory you vm cough 
and ga^ a good deal. You may foeh foel much better, and 
suddmy fou oncoasdous when you think you have recovered. 
But you cdtainly know something is wrong before you, lose 
comeunmiess. 

I S^tonbet 1940. 
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* See Note on p. t6l. 
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B^c cai^m mornsjaiB, fayckogen cyat^, aad ai^ have 
very litde smdl and cause no ixzitatioii. The chemicd tatl- 
boola itaibe) (hat carbcm monoxide has no smell. This js un* 
true, h: has a hunt smdl like garlic. But you can’t smdl it 
in ar dilutioa of 0|ie pact in a thousand, which is quite enough to 
kill you. , . 

Fortuna^dy ^ commonest source of carbon monoxide in 
ordinary life is in coal gas, where it is accompanied by smelly 
substances which give some warning. But if a gas main is 
broken, for example by a bomb explosion, he gas may leak 
out through soil which filters ofT he odorous vapours in he 
coal gas and leaves the carbon monoxide behind. Thus it may 
penetrate into neighbouring houses, particularly he basement, 
and kill people b^re hey smdl it. I do not know if anycme 
has yet oeen killed in his way during recent months, but. 
such cases have occurred in peace, and are likdy in war. 

Carbon monoxide kills in a very simple way. In fact it is 
he only poison whose action is pretty compietdy understood. 
Our blcKM contains a substance called haemoglobin which is 
purple, .but easily combines wih oxygen and hen becomes 
red. As he heart pumps he blood round it picks up oxygm 
in he lungs, and carries it to he various organs in he body. 
Here it gives up some of its oxygen, and comes back more or 
less purple. This change is responsible for he bluish colour 
of veins, and he bluish colour of he lips if he heart or lungs 
break down. After deah he blood does not circulate, but 
he tissue cells do not die at once and go on using oxygen, so 
he blood becomes purple, and he fiu:e of a dead person looks 
greenish until he blood has drained out of it. 

Now carbon monoxide also unites wih haemoglobin to 
give a red compound slightly more yellowish than he oxygen 
compound. When he haemoglobin is combined wih carbpn 
monoxide it can no longer carry oxygen. When half your 
haemoglobin has comlmed with caroon mcmoxide you can 
hardly stand, and may fiiint. When three-quarters have 
comlhied you die firom want of oxygen. But he blood 
remains red, so he fikces of people who bxve pot their heads in 
he gas ov^ preserve heir natural colour {<x some hne. 
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pcoper^ o£ Ae No6d rcoiders caiboa monoidde one of 
tiie eldest of dU poisom to detect. 

The hywest film oxicentrattoa of caihoa monoxide is about 
onepaitin twoiboosandofau:. But at 4bis couceatraticm it 
takes about half an hour evm to make ^ou unconscious, 
whereas one part in a Hundred will do so in a minute or so. 
Befiue you over you have to absorb mough to combine 
widi half your haemoglobin, that is to say about 20 or 30 cubic 
inches. This takes some time, as you only absorb about half 
the quantity breathed in. So it is quite sa& to take a snifiT even 
of the pure gas. 

A small wamirhlooded animal such as a mouse or canary 
uses up about twenty times as much oxygen per unit weight 
as a man. It needs this to keep warm. So it also absorbs 
.carbon monoxide twenty times as quickly. My fiidier found 
that in air containing dangerous quantities of carbon monoxide 
birds fell off their perches long before he felt anything, though 
he was affxrted in the Icmg run. So he introduced the use of 
birds as indicators for carbon monoxide after coUiery ex- 
plosions. The miners did not at first understand the principle 
involved, and a Northumberland miner gave the following 
account of Blackett, one of the first mining engineers to use it: 
“When he goes down the pit he takes a bird, and it’s a parrot; 
and it walks in firont of him and says, ‘Blackett, thou bloody 
fool, come on’ ’*. 

A small cage bird would certainly be of some value agairnt 
carbon monoxide poisoning in shaten. Though a bu^eri- 
gar would not be quite as useful as a c^ary or a linnet. But 
a bird would give no warning if the people in the shelter were 
asleep, as it does not suffer, but fidls quietly off it; perch. 

Actually the, danger of carbon monoxide pois<»iing is a very 
minor one compared to that of airborne dbeases such as 
diphtheria and cerebrospifial menii^tis in crowded and un- 
ventilated shdters. And as winter comes on pneumonia will 
be added to the list 

These are part of tHc price which the people have to pay for 
^ Jolui Anderson’s refusal to allow the construcxkm tff 
shel^ whoe' they could dhep under modqratdy hygioiical 
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conditiom. Hfis “expects^’ told him dut people wotdd not go 
a hundred yards to reach a shelter at night. The peo|de have 
voted widi their feet, as Lenin put it, against die experts.* 
They ne^ sleep, and cannot get it above gtound. But jt. good 
many of them, eq>ecially of children, wiU die of disease unkss 
diey can get more and better ventilated shdtets very ^uckly. 


Note 

Mr. McCloskey, of 30 Gibson Square, Islington, has taken 
me'to task for dus statement in a very interesting letter. He 
went to bed with the gas-fere on, and was awa«med by the 
exaggerated beating of ms heart. He had the ^eatest diffimty 
in getting out of bra, and felt ill for some days. On another 
occasion vdien he entered a bathroom where a boy had been 
partially poisoned by a defective geyser, his heart “began to 
lack out* . On the basis of these experiences he writes, “As a 
detector of carbon monoxide I am prepared to compete with 
a mouse or canary. Any weight or age!” 

In spite of this, I should bet on the canary in some cdrcum- 
stances. But I was wrong in saying that CO gives no pre- 
hminary warning. If they are on the lookout for synmtoms, 
most people wm notice something, though probably few 
hearts react as strongly as Mr. McCloskey’s. Certainly a 
great many people have died of CO poisoning in sleep without 
being awakmea. And I think my heart beats quite as violendy 
after a^near mi^ by a bomb during an air raid as it does with 
a litde^ CO. The correct statement would be that CO gives 
such slight preliminary warning diat it may not be nodced, 
particularly during hard work, danger, or slcq>. 


M 



Will Hider use Gasj 

• 

D UMNG this spiiag* wc Have had a good desl of Britidi 
<^ 5 aal propaganda concerning gas protection. This 
may have been based on genuine information, or on reports 
fiom “intdligencc” agmts who, as so often in the past, nave 
been completdy deceived concerning Hitler’s intentions. 

The foliowit^ weapons are induoM under the term “gas”: 

I 

(i) “N(si-pernstent” gas such as phosgene, compressed into a 
liquid which is dropped in TOmm which release it very 
quickly on hitting toe ground. Such gases are deadly, 
but soon dissipate except in a dead calm. 

(2) liquids giving off a poisonous vapour, such as the “per- 
^sistent” mustard gas. They could be dropped in small 
containers, or sprayed from planes. They do not kill so 
quickly as the tot dass, but the liquids contaminate areas 
tor a long time. 

(3) Powders which give offa poisonous gas on wetting, or more 
slowly on contact with moist air; such as caldum arsenide, 
which gives 'off arsine. 

(4) Smokes produced by special apparatus. They are not so 
poisonous as the gases, but intensdy irritating, and may 
make people tear off their masks. 

The dvilian respirator, if not damaged, and if properly 
fitted, gives excellent protection against (i) and (2), fiur 
agamst (4) and partial against (3}. 

We cacn be nearly sore that a gas attack will be made at 
night, since large uytime raids are costly to the Germans. 
We can also surmise that the first one will be on a very large 
scale, to take advantage of the effect of surprise. Suppose a 
eas attack were made on a small town, and killed several 
hundred people, the whole population of the larger towns 
would b^in to cai^ their ma^ and most of them would 
get than mspected.' So a subsequent attack on a la^ dty 

' 194I- 
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nvould be fio: less effective. The heaviest inmMsdiate caraahies 
would be caused if it were ma^ doling die rash hour when 
people aie g(nng to and firom wotk. On the odier hand if 
it were made about midnight or later, the dijficul^ of warmn|; 
people and evacuating contaminated nreas would be greatest 
Finally in summer the ground is often warmer than the air, so 
that mere ate ascending air currents which dissipate a gas doud. 
And mustard Hquid evaporates quicker, so that a town would 
not be contaminated for so long, though the darker would be 
rather greater at first 

All mese arguments fiivotu: a gas attack in winter if at alL 
The following are possible groun^ for an attack in summer, 
(i) An invasicm. Ilie enemy might try to disorganize troop 
movements by contaminating London and important road 
and railway junctions with persistent gas. (2) Desperation. 
Hitler will not scruple to use gas as a kaock-out blow before 
giving in, if things go badly for him. (3) If the various dis- 
contents of diftdrent people are canalized into a demand for a 
scU-out, Hitler may wish to intensify it by a big gas attack. 
Hess probably believed that there was big support for a sell- 
out in the British ruhng class. If Hitler shares this view, he 
may order a gas attack when he thinks the situation is politic- 
ally fiivourable. (4) If it is generally believed (hat a gas attack 
is only possible in winter, he may make it in summer for the 
sake of surprise. 

On a bamce, I think a gas*atttick is a good deal more likely 
in winter than summer. But it is possible at any time, thot^h 
unlikely when there is a high wind, and very unlikdy except 
on big towns or vital traffic centres. 

Hne are some measures which should be taken before 
winter: 

(1) Compulsory inspection of all dviHan respirators, and 
compulsory tests of them in an atmosphere of tear gas. 

. Many of them have developed holes, and many omets 
have never been properly fitted. 

(2) Tests on respirators for protection against arsine. .This 
gas is not so deadly as some othen, but eveii a small 
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<XMtcex«nu|iQii' cunes jaos^s ai^ tome hoars. If the 
tests ace aot aatb&ctoiy, pro^ fihets shoold be added.* 
If they ace satis&ctory, puhhc shoidd be tcdd. Owing 
to the (hstrost of British Govenunent experts which has 
resulted from piddic eapecknce of shelters, it would be 
worth calling in an Amoican expert. 

(3) Pr<^r instra^nons to. the puldic. The official leaflet teQs 
ostoi^ourhands inourpodEets. What about womoi in 
sununer dothes? It tells us to shut our windows. What 
happens if they are broken? It tells us nothing about how 
to w<»k a baby’s protective hdmet. What h^pem if 
the mothm becomes a casualty? 

(4) Gas-proofing of shelters. I know that some of the existing 
shd.ters cannot be made gas-proof That is anodber 
argument for shelters of one of the types that I have 
recommaided, which can be made gas-proof. 

(5) Arrangements for rapid evacuation of contaminated areas, 
preferably by fleets of motor buses, with arrangements 
for fi)od and shelter in the reception areas. 

Unless these things are done, a gas attack will mean heavy 
and unnecessary casualties. Nevertheless let me end on a 
more cheerfifl note. I have been hit by a bomb splinter. I 
have also been sufficiently gassed to send me to bed. I much 
prefer th« latter. I always carry a respirator in a large town at 
night. And perstmally I womd very much sooner spend a 
night in London during a gas attack than during a heavy 
blitz with no adequate melter to protect me. 

I They have heea since diis was written. 



The- Physiology of Flying 

I N a modem 'MW, men are not merdy exposed to boOets, 
bombs, didSs, a^ so cm. They are put fee many bouts 
under utterly abnormal pbysiologicid conditions. Thmk, 
example, of men shut up in a submarine lying on the bottom 
in enemy wiUers during the whole hours of daylight, or ex- 
posed to dm heat, noise, and shaking of a tank. 

The most widdy sto(bed of all mese physiolc^cal dangets 
are those \duch threaten the airman. On their first fiight 
almost everyone notices pain cmt discomfirrt in the ears while 
descending. This is because there is a greater air pressure out- 
side the eardrums than inside diem. It is easy to adjust 'die 
pressure inside by blowing the nose, and pilots soon learn to 
no it by swallowing, or even without thinl^g at all. 

The first serious efiects of the low atmo^heric pressure come 
on at about 10,000 feet, and get worse finrly quickly. They 
are due to want of oxygen. At 10,000 fi«t the barometer 
reads about 22 inches instead of 30, and at eadi breath the |dot 
gets only 74 per cent of the amount of oxygen that he gets at 
ground level. He probably does not notice any bad meets, 
bideed he may feel rather cneery. But, like the man who has 
had a couple of pints of beer, he is not so efficient as before. 
He will take a htde longer to work his controls, and score fewer 
bull’s eyes when shooting. So he must start breathing oxygen, 
or rath^ adding oxygen to the air which he breathes. 

I do not know, not should I publish it if I did, at what 
height oxygen breathing is compulsory. But it is very danger- 
ous for a ^ot to wait to breathe oxygen till he fern that he 
needs it. I have felt quite normal at a low pressure, but yet 
wlmn I breathed oxygen thejight seemed suddenly to brighten,' 
and sounds got louder. 

At about 37,000 feet the air pressure is one'fifih of an atmos- 
phere, and even if you breathe pure oxygen, you get no more 
than in air at ground leveL However, some pikxs can stand 
oxj^en want better than others, and can go a smaM diftmee 

x«5 



i66 SCIENfcB AND WAR 

higlm witliout 4an^. Hk ability to do so can be tested in 
a low pressuie cbanwo: at groond level, and can to sonae extent 
be devdoped fay tcaining. 

At still gteatorbdgbts it is necessary to breatbe oxygen under 
a pressote greater thw that of tbe air around tbe dUne, tbough 
less tfaan at ground pressure. If one tried to breath com- 
pressed oxygen icom a cylinder tbe lungs would bi;irst, so to 
prevetti; t^is tbe pressure round the body must be nearly tbe 
same as inside tbe lungs. This can be achieved in two ways. 
The cabin may be m^ 'airtight, and kept fidl of reladvdy 
compressed air^ as in the Geinian Junkers 8<S reconnaissance 
plane. This adds to the plane’s weight, and the air will soon 
leak out if the cabin is hit by a bullet, let alone a shelL Or the 
crew may wear pressure suits somewhat like diving dresses, 
and containing o^^gen under pt^ure. This type of suit was 
invented by my &mer, and presumably be used by the 
first men to land on the moon, where there is no air at all. 
But a pressure suit inevitably hampers an airman’s movements, 
and is less popular than a pressure cabin at present. 

One striking effect of o:tygen want u on night vision. We 
all know that it takes about half an hour to see as well as possible 
in die black-out. Efiicient night vision is a physiological feat 
which needs the proper chemical conditions. One is a good 
supply of vitamin, A. Another is plenty of oxygen. Wald, 
Haiqper, Goodman, and Krieger of Harvard University, have 
recoidy shown that night vision is one of the first functions to 
be affected by mild oxygen want even at heights as small as 
one mile. So a good oxygen supply is particularly necessary 
fisr night fighters and bombers. 

Even wim oxygen, dbere is another danger at great heights. 
This is the condition first observed iu divm and compressol- 
air workers, called “bends”. The commonest symptom is 

a in the joints, which may prevent one straightening the 
!. It is due to bubbles or nitrogen in the joints, marrow, 
spinal cord. If a diver has been .under lOO feet of water, 
and ther^re breathing air at 4 atmospheres’ pressure, and 
comes up ttio <|uicldy, the niizogen whiw has di^lved in his 
tissues under pressure forms bubbles. Sinularly if an airman 
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flies too quidcly to a presstire of a quarter of an atmospbexe, 
Iflut is to say 33,000 &et, he is liable to fiaz a bit. 

On Novembw 22 a Sunday newspaper bad the fljllowing 
sob paragraph; *‘No-one who has ever gone through an attach 
of the bends has been able adequately to describe his suffiam^ 
It is.an exCTuciating pain in the joints, shoulders, elbows, kne^ 
ankles. It leavn ^ victim in a state of nervous collapse.” Tf 
the Dofly Worker had ever published this absurd exaggeration, 
there would have been a good case for suppressii^ it for 
creating alarm and despono^cy in the R.A.F. I have had 
bends both £rom high and low pressure, and die pain was never 
bad enough to stop me eating, let alone to make me sweat, 
which I t^e as a good rough sign of severe pain. It js uspally 
no worse than rheumatism, and rather like it. We even had 
trouble in one series of experiments concerned with escape 
&om submarines because some of the subjects (not aU of them 
communist party members) wouldn’t adjmt they had bends. 

A discussion of what airmen can do to avoid bends would 
take us a litde too near to the Official Secrets Act. Nor can I 
discuss what has been done to combat the tendency to faint 
when turning rapidly or coming out of a nose-dive. In this 
case the blood which ought to be going to the head is swung 
into the legs and befly. And there are other physiological 
problems of flying which cannot be written about at all just yet. 

These problems are being tackled with foir success. The 
men who are doing it are^well fitted to tackle problems of 
industrial health which arenas important in peace as in war. 
If the Trade Unions take the matter up the mep will be avail- 
able for the necessary research. The Soviet Union is fiur ahead 
of us in work on the physiolo^ of industrial work. Here is 
another field in which we could learn fi’om our great ally. 
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C OULD a man Bve cm the pknet Jupiter? Hus sounds a 
vctf reiTOte questkni, but the answer to it happens to 
be |Hrettv impoatant to die ILA.F. 

Not mey are gmng to dy diere, for our planet’s air thins 
out so quiddy as you rise, diat there is link prospect of a plane 
going even 25 miles up in o'ur lifetime. Am Jupiter is nearly 
400 milHon miles away when nearest to us. But the pilots and 
crews, particulariy of figjhtm and dive^bombcn, have to &ce 
one amdidon wnich is almormal on earth, btit normal on 
Jupiter, namely an extra force on their body due to acceleration 
or gravitation. 

Jupiter. is mucklarger than the earth. It wdghs 318 times 
as much, as we know from the fret diat its satdlites have to 
move mtuh faster than our moon to avoid frUing. Its surfree 
is hidden by douds, dust, or smoke, as we can see from die 
cemstant changes in its maddngs. It is also intensely cold, and 
the atmosphere would be poisonous to men, as it contains 
ammonia. But the atmosphere is very l||^ck; so a rocket from 
die earth would be slowed down before it hit the surfree, and 
landing would be easier than on Man, let alone the moon. 

The cold and gases could be kept out with something like a 
diving dress or even an armoured tank. But nothing vm keep 
out gravitation. Even at die top of the cloud layer gravitation 
is nearly three times as strong as on earth; at the planet’s surfree 
it may oc four or five times. That is to say i lb. weight would 
regist^ at least 3 lbs. oha spring balance. Andamanwe%hing 
150 lbs. would have to support an extra weight of 300 Iw. or 
more if he stood up. 

In fret he would be subjected to die same forces as a pilot 
flattening out afrer a dive, or pulling up suddenly fronK frst 
horizmifrl flight. In either case the puot undergoes a big 
acceleration, mat is to say a change of speed. Now speed by 
itself has no tSkeX on men, or <m anything else. We cm only 
(ktect speed by watching what we pass. In a closed box speed 
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cannot be measofed or detected. Bat a diange dF speed can. 
For exan^^ a line in a railway compartment does not 
Kang vertically if die train iS speeding np or slowing down. 
In me first case tbe bob is left behind, in ^ second it tnids to 
go cm whh its origfiial speed, and therefore die plomb line 
slopes forward, hi either case a sptiimlialance would diow 
an extra force on die line added to the weight of the bob. 
Similarly if the train goes round a curve there is an extra force 
called coitrifugal force swinging d» bob ot^twards. 

' Einstein’s genoral theory of relativity stat« that diere is no 
way of distinguishing between forces due to acceleration and 
gravitation. No-one who has understood the foist third of 
Engds’ Antiduhring should have much di|Sculty in following 
Einstein’s main ideas, though of course his mathematics are no 
joke. 

The extra force on a pilot may be very great. It is generally 
measured in “G”. If it is in the same direction as gravity but 
four times as great, we say the pilot is subjected to 5 G’s. If a 
Spitfire or Stt^a pilot were sitting in the normal position as he 
flattened out from a vertical dive at 250 m.p.h. he would press 
down on his seat with perhaps twenty times his normal weight, 
or with 20 G’s. Figures for these machines have not been 
published, but as early as 1931 American fighter pilots were 
subject to as much as 9 G’s, and this must now be gready 
exceeded. If the centrifugal force acts firom head to fi»t, the 
pilot’s blood cannot return to the heart firom the legs and belly. 

The heart goes on beating as long as it has any blood to 
pump, but after a time which may be as long as 10 seconds it 
runs dry, and the brain gets no blood.' There is a sudden 
“black-out”. The pilot goes temporarily blind, and may lose 
consciousness. This is almost certainly fatal if he has just 
come out of a vertical dive and is skimtning the roof tops. 

Things are even worse if centrifugal force sends the pilot’s 
blood into his head. This happens if a sitting pilot suodenly 
goes into a dive at high speed. The head foels as if it would 
burst, everything gdes red, and there is violent headache, and 
confusion which may last for several hours, even after an 
acceleration of even 3 or 4 G’s. Whereas after the blood has 
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bem draiiiei die ic«s tlie pikt reoovm conadoomess 

a few aecomis, aad «^w Im machiae has oashed, is noimal 
within a nmuite. 

Iheie aie 'amilar dangers during “baling out” with a para» 
dhute. , When die parachute opesu the pilot’s speed is violmdy 
tedooMi, andhis Uoodmay row to the head <x oset. Curioudy 
enot^ diote i$ no danger in an ordinary & 1 L A man cannot 
&& at more dian about lao m.p.h., as at this speed the rir 
resistance balances his weight ^ an airman can 6ill for as 
hmg as a minute, and open his parachute without danger. 
But if he jumps horn a plane going at 300 m.p.h. and opens his 
parachute at once he may quite well be killed by the shock. 
Ife actually slows down as he fdls, and must wait till he has 
done so. * 

Of course steps are taken to deal with these dangers. It is 
no secret that in certain types of aircraft the pilot is not in a 
sitting position. Nor is it a secret that American pilots before 
the war were using rubber belts which could be inflated to 
press on the belly to prevent blood flowing into it. No doubt 
this article is out of date — ^laughably so, I hope, to readers in the 
R.A.F. 

But it shows why every air force needs the service of first- 
rate physiologists as well as ordinary doctors, and incidentally 
it mues it probable that men could live on the planet Jupiter. 
But diey would have to spend most of their time crawHi^. 
So I for one, do not greafly regret that 1 shall be dead long 
before I have a chance of going there. 



Doodiebt^s 

T he ]ate$c secret weapon has turned out to be a pUodess 
plane which is intended to fly for a definite distance in a 
specmed direction, and then dive to foe ground with a cargo of 
mgh eacplosive. 

If such a plane is launched firom a place in foe Pas de Calais 
100 miles firom Lcmdon, and its errors in direction and range are 
only I per cent, it will fall within a mile of its mark. For 
example, if foe planes are aimed at foe Government Qfoces in 
London, they aU burst within a mile or so of Whitehall. 
It is, of course, an oflidal secret whefoer they are as well aimed 
as this. If so, it docs not compare very wdl with foe aim of a 
rifle. A very indiflerent marksman can hit a target, two yards 
across and a hundred yards away, every time. Even if almost 
every plane gets withm a mile, this is no better than an archer 
could do sev^ hundred years a^o without any sights. Other- 
wise, it is a good deal worse. 

A plane can be kept on its course in several ways. So far as 
I know foe only way of keeping a pl^e on its course relative 
to the earth’s surfoce is by radio. But two can play at that 
game, and doubtless our radio experts are prepared to jam any 
guidance of this kind. Personally I should bet about force to 
one that these planes are not radio controlled. 

By means of a gyro-compass a plane’s nose can be kept 
pointing in a given direction. But on account of foe wind it 
win not fly exactly in this direction. No doubt before foe 
plane is launched, its course is set so as to make allowance for 
the wind. But this has two disadvantages. The direction and 
speed of the wind are not foe same over London as over Calais. 

And foe plane’s speed is not constant etthor. Suppose the 
plane’s speed is 250 m.t>.h. and it is meant to fly norfo-west, but 
there is a side wind or 25 m.p.h. blowing firom the norfo-east, 
it must 1^ aimed about ;[o miles norfo<ast of a ta^et 100 miles 
off. But if foe side wind drops to 10 m.pJh. it wfll be 6 miles 
out firom its target. Similarly if foe plane’s speed fidls id 200 
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tn.pji. the wind wifi have a'gteaisr on it, and it vdfl go 
a 1 >oata|mikstodwkftofitsta^et Presumably it is set to 
dive the ground after it has gone a certain distance. But 
actuafiy it dives on the alamirclo^ principle, after it has flown 
ft>r a cetuun tiipe. Now diis means that a change in its speed 
wifi have a flu: greater e&ct on its range than its line. For 
exam^, a drop of speed ftom 250 to 200 m.p.h. would mean 
that tw plane mved 20 miles short of its target 100 mfles away. 

It is flurly easy to regulate the speed of a plane automatically 
by a throttle. But this means diat it can never fly at the maxi- 
mum soeed possible for its oigine, and is dierdrore an easier 
target n>r gunners on the ground ocjn the air, besides having 
a greater lateral error from wind. So I should guess (whether 
righdy or not I don’t know) that the error in range was a good 
d^ greater than that in line. That is to say supposing planes 
are aimed at a given town, they are mcnre likely to fldi 10 nules 
shcnt or over it than 10 miles to the right or left. No doubt 
our Staft knows by now whether this is so. 

Similarly the height can be regulated by an aneroid baro- 
meter, so that if it rises, and the pressure ftlls, the vertical 
rudder in the tail is lowered to make it ftll again. This is all 
very well if it is flying at several thousand feet. But if it is 
flying low to dodge our fighters and flak, a fall of a tenth of an 
inch in the barometer between France and England will force 
it down 100 fiset. 

The design of instruments for automatic control is extremely 
trud^. If they answer too well, a deviation of say 100 feet 
upwards is answered by a swerve 200 feet downwards, and so 
on till ccmtrol is lost. If they answer too slowly, large errors 
of course nuy accumidate. Essentially the same problem 
occurs in the automatic ccmtrol of the temperature of a furnace 
Of the speed of a dynamo. These problems can be answered 
roughly by calculation. But it is a curious fact that where 
great accuracy is needed we have to use a special type of cal- 
culating machme called a diflerential analyser. 

The ideal |nk>dess plane would automatically dodge out of 
its-couise fiiom time to time, and come back to it again. 
Peihaps dw somd of antt-aixeraft guns would autonuticaQy 
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caase it do so. Fortunately the German inventors have not 
been able to achieve this, but it may well be possible in fiitcgre 
wars, if we allow them to lumpen. 

So long as a plane flies in a straight line at a fliitly steady 
speed, its position half a minute hence cw be predicted. ’Im 
succe^ of our anti-aircraft guns in bringing down a large 
proporticm of the pilotless planes depends on the emOi^cy of 
the predictors, which do the equivalent of several hours’ 
'calciuati(min ‘afiactionofasecond. The predictor is of much 
less value against piloted planes, which can take evasive action, 
diough a dense b^age will btiim them down. Today your 
life depends, more than ever before, on the effidei^ of the 
craflsmen who make the predictors, and the girls who work 
them. 

There are two morals to be drawn flrom all this. One is that 
if we had started the second front last year we should not now 
be being bombed by robots. The other is that if automatic 
machines can do a pilot’s job, they can also do other dax^erous 
or unhealthy jobs, such as mining and furnace stoking. It is 
up to the workers in dangerous trades to see that thm jobs 
are ultimately taken over by machines. Underground 
gasification of coal as a substitute for coal mining should be the 
peace-time equivalent of the robot pilots, and may save more 
lives than will be lost in the present series of air raids. 


Note 

This article was written in die first fortnight of the doodle- 
bug raids, and was heavily censored. I give it exactly as 
written. It was of course wrong in some details, but the 
fiindamental question of accuracy of aim was not dealt with in 
the o£ 5 icial statements, and is of connderable interest. 



Blast 


M ,R. CHURCHILL tdls ys that many of the casualties 
. earned by the flyii^ bombs in London are due to blast. 
This is not as helpful as it might be, because most of us do not 
know what blast is, or how to avoid its e^xts. 

A great deal is known about blast, partly as a result of 
e9q)etimients carried out by the research department of the 
huoistry of Home Security. But these results are not available 
to the public. This is pamy, no doubt, to keep information 
from the enemy, and pardy to prevent the public from asking 
awkward questions. But it also arises from a real contempt 
for the public, who are regarded as uneducated. And yet 
there are hundreds of thousands of British people who know 
more physics than all but one of the Cabinet, or the vast 
majority of higher-grade Civil servants. Technical school 
physics is rather one-sided, but it is vastly better than what 
most boys learn at “public” schools. Owing to this official 
policy my account of blast will certainly be incomplete, and 
probably inaccurate in several respects. But it is the best I 
can give with the knowledge at present available to the public. 

Bmt is the word used to describe sudden and violent 
changes of air pressure. When the charge in a bomb explodes, 
it is convertea within less than a hundredth of a second into 
very hot gas under enormous pressure. It expands until it 
occupies somewhat over ten thousand times the volume of the 
solid explosive. The total energy developed is not ten times 
as much as when the same weight of water is converted into 
steam, but it is let loose in a frr shorter time. However, the 
actual amount of bricks and mortar moved, or earth scooped 
out, are probably no more than could be moved by a steam 
engine using a weight of water equal to dut; of the eimlosive. 

The hot eas from the mc^osive pushes die air away mom it 
Some peopw who have watched a flying bomb bursting half a 
mile or so away have seen a flash of flame rapidly cooling into 
smoke, and a ilk drde around it r^idly spreading upwards 

m 
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aiui outwards. Hus is the blast wave. It consists of air 
compressed to xo or 20 atmoml^res’ pressure and movii^ at 
about X500 feet per second, that is to say about 40 par cent 
&ster Alta ordinal sound. In this rapidly movii^ sheS of air 
the pressure is therefore at least 10 atmospheres, and is abottt 
twice » great <m an obstacle Suing it, b^use the air in the 
blast wave is moving, and generates pressure vdben stopped. 

Fortunately the h^h pressure only lasts S>r about one two- 
hundredth or a second, for it exerts a pressure of about ao tons 
per square foot, and would .knock down any building if it 
lasted for even as loi^ as a second. Behind the high pr^ure 
wave comes a wave of suction, or low pressure, lasting for 
about five times as long as the pressure wave. This is tisually 
followed by a much smaller pressure wave. So windows 
which are smashed by the high pressure are often sucked out 
by the low pressure, which also turns comers more easily than 
the high pressure wave. 

If an object is fairly elastic, so dut it can yield to the pressure 
and s{^g back, it is litde damaged. It is amazing how little 
harm is done to trees quite near a dying bomb, even if their 
leaves are tom off. The same is trae oibuildings with a sted 
frame, Anderson shelters, and surfrce shelters with adequate 
steel reinforcement. 

Many of the human casualties are due to people being crushed 
or hit by flying bricks, stones, glass, or woodwork, or to their 
being Imocked over by blast. But blast can kill people 
diremy. A pressure of 10 atmospheres is harmless. I have 
often been exposed to it in diving experiments. But it took me 
four minutes or more to reach dm pressure, and the pressure had 
plenty of time to eqtudise itself gradually in all parts of my body. 

What happens when the pressure rises to xo atmospheres' in 
a thousandth of a second was worked out by Profossor 
Zuckerman, of Birmingham, from a comparison of animal 
experiments with post-mortem examinatitm of hxunan air-raid 
casualties. 

The blast wave in die air goes on as a pressure wave through 
the body until it readies a cavi^ containing air. Hie ear- 
drums may be burst, canting dearness, but th^ generally heal 
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■ cx>nj|>letidy^ eSects ate modb more senous in ^ laagu, 
or in the infiesdncs, if fibey cmttain bobUes. Hie hamm fim 
bdiaves like a row of marmos tooching <me anmber in a gtooire. 

you tap one end, die marUe at the odier end flies dnit^ 
the intermiing ones hard^ move, hi dm same way ok 
delimte lining membranes otihe lung or gut ate tmn whoi dm 
wave finds nothing but air in front of it 

So a man near a bursdi^ bomb may have no obvious 
usuries, but start coughing up blood and die within a few 
iumrs. If he recovers, ne seems to do to completdy. Zucka- 
man found that rabbits could be protected fiom bmt by Sorbo 
rubber jadrets round dmir chesn. Thus thick clothes ate some 
{axitection. But sheltn is vasdy mote so. Blast does not 
turn comers readily, and even a wooden door will tdre up 
most ofthc force of the wave. Soifyoucangetinto acorridor 
or under the stairs the air wave is umikely to hurt you. 

After the pressure wave has travelled some way, it is con- 
verted into a train of ordinary sound waves. Much the same 
happens if a stone is dropped into' a pond, It fint forces the 
water down. Then some water rises above the original level. 
But a few fimt from the splash we see a series of periodic waves 
spreading out in circles. These sound waves wul set anything 
in motion if its natural period of vibration is the same as their 
own. Tim is one reason why some panes of ehm, but not 
others, are broken at a considerable distance TOm a burst. 
Another is that the sound may be concentrated by reflection 
fiom walls, flat ground, or water. Physidsts could learn a lot 
fiom a detailed study of such e&cts, if they wore not too busy 
cm urgent war research. The actual result is likdy to be 
politick rather dian scieotific. 

Ihe Nazi pdicy has been to kiU civilians, including duldten, 
all over Europe, to weaken other nations in preparation for 
their next i^gtcssive war. As a remit of this pdicy very 
draotic ineamtes have been proposed to make men a war im- 
possible. Some of these proposals have met oppositkm in 
En^and. will meet now. The flying bor^ and the 
kog-rmge tocKjCts, if they axe used, will oerteunly not lose us the 
war. They may very wmousse Germany to ii^EatfPnasia: 



Probability m War and Peace 

I N <»<iikary ii£b we aim at complete security. We ate not 
sitisfied mat railway bridges should be so des^;ned that 99 
per cent, or even 99*99 per cent of them should stand up to 
the we^t o£ a train. We aim at 100 per cent safety, thot^h 
we do not get it,vbecause railway bridges sometimes coUapse, 
but the chance of a collapse is much less than one in a millin n . 
However, in war one has tp take chances. In modem war we 
are at last beginning to reckon them scientifically. In feet at 
the pr^ent time I am engaged on calculating certain probabili- 
ties tor one of the services a little more accurately than has been 
done before. 

Naturally I cannot write about this particular calculation, 
but I can write about the kind of way in which chances are 
worked out If a warship is firing at extreme range, the shdU 
may drop too near or too far, and to right or left of the target 
This is partly through errors of sighting or ranging, partly 
through errors in estimating the relative motion of the ship 
which is firing and the target, and partly because the ship aimed 
at may change her course. Besides this, the wind must be 
allowm for, not to mention the wear of the guns; the cordite 
may be slightly variable, and so on. 

In shooting at an ordinary target, one is about as likely to be 
a foot out from the bull’s-eye above or below, to ri^t or to 
left. In long-distance luval gunnery this is probably not so. 1 
should guess that errors in range were apt to be bigger than 
errors in line. Anyway one group of orrors must, on the aver- 
se, be larger than the other. 

Let us see vhat this means. If errors in all directiatis are 
equally likely, which is roughly true in rifie skioting and in 
bombing with certain techniques, then we can represoit difter- 
ent degrees of accuracy by drcles, as on an ordinary target. 
This is feitly obvious. But it is not in the least obvious that if 
25 per cent of the bullets hit within i ft>ot of the mark, so per 
cent will be within 1*57 feet, and 75 per cent within 2*18 feet. 
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Hiis is a ttsuR the advanced theory of prdMinlity, and is 
pretty wdl borne out by e:q)erience. If^ howevor, errors in 
rai^ are greater than errora in Bne, the circles mmt be ro- 
pk^ by mpses.' 

In a naval oatde it may be more important to be sure of 
hitting an enemy ship at least once than to have a sporting 
chance of faitdi^ it vvith half a dozen shells in a salvo. This is 
particalarly so with a fnrce which has numerical superiority, 
and can ^pect to beat the enony if they can slow him down. 
So the di&rent guns a batdesnip’s main armaments are not 
all aimed at tbe same point, but so that the shells will kll in a 
pattern. The calculation of this pattern is a very intricate 
problem, depending on the accuracy of aim in range and line, 
the size of the target, and so on. Presumably it has been fiiUy 
solved. If not, we are wasting shells and lives. 

In di&rent circumstances it may be more important to 
a dminis ter a knock-out with half a dozen shells, even if the 
(hance, of his is a good deal less than the chance of a single 
hit. In this case the di&rent guns must be aimed at or near 
the same point 

In the same wtiy I presume that we use the theory of prob- 
ability in defence, for example, in the design of minefields on 
land and sea. One can calculate the probability that a ship, a 
man, or a tank can get through a minefield, and make this as 
small as possible with a given amount of material. 

Afi:er me war a good many people, though not enough, will 
have learned to thmk in terms of probability. This is import- 
ant, because even in peace time the most important thix^ of all 
arc matters of probshility, not of c^tainty. You can never be 
sure hat you will not die before you get home, or hat when 
you do you will not find that your wife has gone mad or your 
child b^ run over. Society should be organized so as to 
make such events as these as unlikdy as possible. It is a 
striking Bet hat in he Soviet Union he heory of prob- 
ability plays a big part in planning. Moreovo:, Soviet 
mahemaricians ate paying special attention to its mathe- 
matical fimnd^ions. 

Chdy in a very few industries under capitalism is there 
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enot^ j^aniuQg to make it wordb while to apply such notions. 
One of diem is the telephone system. The American trust 
which runs many telephoms has investigated die pobability 
that an exchange will oe so overwhelmed widi calls by pore 
chance » to lose time. For thoo^ there are peak hours for 
callsr most calls are more or less at random, and u too many are 
made at once, there wiU be delay. The Bell System Techniad 
Journal has therefore published highly complicated calculations 
on this question. 

In a planned society transport, industry, and distribution 
would be designed so as to avoid not only accidents, but 
jamming of the machinery in this way. As things ate we are 
£u;ed with an alternative between monopcdism on the one 
hand, and on the other a chaotic system with a large element of 
luck which gives the speculator Im chance. 

The insurance companies employ the theory of probability 
on a large scale. No-one knows who will die next year, but 
the number who -will do so, and its probable fluctuations, are 
pretty well known, and rates can be fixed to insure a profit for 
the shareholden on any likely contingency. Thus air raids 
may kill an uneimected number of people whose fives arc 
insured. But if they also kill old people who are drawing 
annuities, the insurance companies will not lose any money. 
The larger the population with which you are deafine, the 
greater is the degree of certainty with which you can sq>ply the 
theory of probarafity. This is one reason why (he state should 
take over insurance, in accordance with die Beveridge scheme 
or some more Sodalistic plan. Another reason is, of course, 
the great economy which would-be e£^ted by cutting out 
canvassing and collecting, which would mean that the existing 
staff of insurance offidah could serve many more people than 
at present. 

The theory of probability is as important a tool in peace as in 
war. It is iq> to us to see that it is used. 



Ice Ages and Modei?i History 

B y the time this ardde is in jsint, the Red Army should be 
fi^tms its way through die lakes of East Prussia. In 
1914 diese lakes wore of great defensive value to the Germans, 
and. a large Russian army was surrounded and wiped out at 
Tannenberg in the lake district. 

Hangs are difieient today fi:>r three reasons. The leaders of 
the Red Army are tried in modem war, whereas General 
Samsonov, who was defeated at Tannaibesg, had previously 
been governor of Tudbestan, a policeman rather than a soldier. 
The Red Arrhy personnel are Utsrate and trained to use initia- 
tive, whereas tew Tsarist soldiers could read a book, let alone'a 
map, and they were not encouraged to think for themselves. 

Hnally the Red Army has experience of forcing water linw 
such as the Dnieper. And above all, it has just fought a 
successful campaign against the Finns in lake-dotted country 
very similar to that of East Prussia. I have little doubt that 
specialists in this kind of fighting have been moved firom Fin- 
md to the East Prussia firont. 

East Prussia and Finland are full of small lakes for the same 
reason. The landscapes of both countries have been formed by 
the recent action of ice. Lakes can be formed in at least four 
ways. Some arc formed by earth movements. For example 
Lake Tai^anyika and the Dead Sea were made by actual 
sinking ofrock masses. Such lakes are ofien large and deep. 

Othors are formed when a river is dammed by earth brought 
down by a side-stream, a glacier, or an avalanche. These are 
generally small, and do not la^ long. Some are formed 
because the rock or soil beneath them has been dissolved. 
Such are the meres in the Cheshire salt country. 

But in Rurope the most important agent of lake formation 
has been ice. Lake Windermere, between Lancashire and 
Westmordand, is a typical glacial lake. Before the last series 
of ice ages its site was almost certainly occupied by a narrow 
valley cut through rocks by watnr. When the weather got 
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coli^, die Ounlniaii mmattaaBs weie coveted mow 
yvhidi soMdiEed to ice, and ae|>t slowly down the 

A glacier only moves a few inches per hoar, so it is fer 
hroada and deeper than a river draining the same area. R 
' therefore scoom out a broad U-duped valley. And as it may 
be hutdxeds tx yards deq>, it may grind away rocks to a great 
depdi. 

Dm happened at Windermete, which is over aoo feet deep; 
and its bottom is actually below sea-level in places. As we go 
down the lake towards the sea the bottom actually rises, for 
the ke was thicker and had longer to art in the “uppra” part 
of the basin. 

Die barrio: at the bottom of Windermere consists of rock 
overlaid by stcaies, gravel, and day brought down by the 
glader. A river can carry mud and even gravd, but only a 
mountain torrent can move bouldors, while ice can carry them 
for hundreds of miles, and dump them when it melts. 

The mounds of clay and stone deposited at the foot of a 
glader are called moraines, and once you have seen them 
actually being made in die Alps, it is easy enough to recognize 
them in Ei^knd. The lower end of Windermere is dammed 
by a moraine. So ice not only scooped out the basin, but 
increased its depth by carrying down sediment in a way which 
water could not do. 

Some of the Finnish lakes were formed by this double action 
of ice. But many in Finland, and all in East Prussia, were made 
by the carrying rather than the scoopii^ action of glaciers. 

Thirty thousand years ago a huge icefield covered Scandin- 
avia and Finlmd, as one now covers Greenland. The ke crept 
away from the centre in all directions. Westward-moving 
glacfers scooped out the Qords of Norway. The main mass 
moved southward^ across the Baltk, whioi was a sea of ke, 
and ended in northern Germany. 

it formed moraines which are now irregular ran^ of 
hills. Where the border of the ice was stationary for some 
time diese hills may reach a height of looo fiwt, tnough few 
are over 500. Where the ice melted quickly as the weather 
improved afeer the ke age, the ground level is lower. 
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’ft is IwK dun tiw'Ubar 'meet £»tined. OcuditiaDs weie 
T$aha dnular across liie Atkoxk: 'vviiere tiie ice firom Canada 
came as £ur so New Ycok. Use Ckeat L^»s touehly ccme- 
s{K)nd «o dbe Bdtic, and diore are hundreds of smalt ulc^ in the 
ncnthem put of New York State. 

the fimnadon of dw Baltic moraines had another important 
consequence. Poland and northern Germany mostly drain 
into tne Baltic. But dwre ue only two rivers whum have 
broken ihrou^ the moraines, namely the Vistula and Oder. 
The moraines have diverted the Elbe into the Atlantic. 

In consequence a number of rivers, including the Nuew, 
Vistula, Wuta, and Elbe run westwud over much of their 
course, and slope so gently that they can be navigated without 
locks, and canals can diirly easily be dug from one to die odier. 

Berlin is at the hub of dus system of waterways, and in 
consequoice grew very rapidly during the i8th century. 
This was most unfortunate for Germany, for other cities 
which grew more slowly had either been completely inde- 
pendent like Hamburg, or had at least been cultural centres 
for some time, whereas Berlin was the creation of the mu- 
graves of Brandenburg whose descendants became kin gs of 
Prussia. 

If Hambiurg, Dresden, Weimu, or Cologne had become the 
capital of Germany, the worship of wu might be much less 
firmly rooted there than is the case at present. The fiicts of 
physical geography may have been more important in shap- 
ing Goman muitarism than the inherited cWacters of the 
Gomans. 

It was fortunate for England and for the world that London, 
a great commercial dty which sided against the kings in die 
G^t Rebellion, and as late as the time of Wilkes, became our 
capital, rather than Windsor, York, Winchester, or Oxford. 
Physical geography is only (Hie of many influences which 
mould the fiite of nations, but it -is an important one. 



Coral Reefe 


T he American navy, army, and air force are now drivmg 
due Japanese out of foe Gilbert and Marshall groups m 
islands, arm foeir bombers have attacked the Caroli^ grov^. 
These islands are largely built of cnral, which is fom^ by 
animals like small sea anemones. Millions of them are con- 
stantly laying down new layers on foe foundadcms laid by foeir 
parents. Tms rock is genaaUy a grey or yellowifo limestone. 
Onlv a few species make red or black cor^ 

Thotgh a fow corals occur round England, those which 
form large ree& can only live in warm water. The nearer 
large growth of living corals to England is on foe Algerian 
coast, and the nearest easily accessible coral reef is in the 
Canary islands. But the climate of our country has been much 
warmer in the past, and some of the bilb near Oxford were 
originally ix>ral ree6. 

"^en conditions are fovourable for the coral-forming 
animals, they may make huge quantities of rock. They live 
best in surf, and are killed off by mud, silt, or sand. So 
whereas in England a wave-beaten shore where no sand or silt 
is being laid down is generally eaten away by the sea, it may be 
a place where the land «ows in foe tropics. There are tnree 
main types of coral reef Fringing reefe are parts of foe shore 
of a continent or island covered with coral rock, mowing at its 
seaward edge. Barrier ree6, generally covered at hi^ tide 
but partly exposed at low tide, he some distance hr om the shore 
of a continent or island, with a shallow lagoon between foe 
reef, and the shore. Atolls are ring-shaped iwu^ds of cdral only 
risii^ a few feet above sea-level, with a hgoon in the middle. 

The main Caroline islands, including Truk, are mountfoious, 
and surrounded by a barrier red* some miles out. This forms 
a breakwater which makes, them into a natural naval base. 
They will be very hard to invade became foe mtranCes through 
foe reef can be commanded by guns on foe high islands inside 
it So for foe Americans have flown over the barrier, but have 
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xiot tried to get ships t%ot^h it The ManhaU and Gilbot 
Hands axe atcdb, and are much harder to d^end, since 

sfa^ can a{^oa^ than closdy. By the time diis artide is 
printed, most of them will probably be in American possesskoi. 

Besides the ccval-making animals, coral iee& have a special 
fituna <xf Edies, worms, and other creatores, which has b^ a 
joy to nacorahsts. The fish a:e generally brightly coloured, 
and ofioi have cutting teeth like a parrot’s b^ with which 
they can gnaw the-ooral to get at the aniroc& imbedded in it 

Darwin was not content wHi studying the eadsting condition 
of ccMal islands. He tried to undostand how they had 
ocigiaated. Indeed he could not study anything whhout 
inquiring into its history, whkh was why Marx wished to 
dedicate Capital to him. 

Darwin thor^t that barrier reefi were fi>nned when a 
*coast-line was slowly sinking. As the coral can only form new 
rock at its outor edge, diis will keep up to sea-level, while a 
l^oon forms inside. If the cxntral irimd sinks altogether, a 
ring-shaped reef will be left behind. If this is broad enough, 
brokm nagments of coral will be piled up above sea-level, and 
a chain of Tow islands will be formed. 

Murray and others rejected the theory of subsidence, and 
thought that the lagoon was fi>rmed by the dissolving action 
of the sea on old coral rock. He also thought reefi could be 
formed at a considerable depth, and gradually built tq> till they 
reached the sur&ce. The itmer part would then die, and the 
growing ec^e form an atoU. 

Recent work has brought many geologists back to a modi- 
fied fcum of Darwin’s theory of corahreef formation, just as 
naturalists today are a gocxl deal less critical of his theory of 
evcdutkm than they were thirty years ago, though some 
revisicm has been necessary. 

tercmg piece of evidence for Darwin was provided by a 
hme-hok iioo feet de^ made for the Royd Society on 
Ftu^futi atolL The coral found, even at the bottom, had been 
made by anim^ which only live in shallow water. 

The main mo^ficadon in Darwin’s theory which is desirable 
is to put duwn reef formation to a rising of .die sea rather than a 



CORAL REEFS 185 

Mfilring o£ tile land. Dming die recent^ ice ages modi 
Europe, Siberia, and Canada were osvered with ice wbudi may 
have been several miles deep in places, as it is in Gieeiiland 
today. 

'^Xnben this gradually melted in the coarse of several thousand 
years, the sea-level rose all over the world. So the present 
set-iip of coral islands may be a temporary one, whidi mui not 
existro at most times in the world’s history. 

For a vivid picture of life on these low, ring-shaped coral 
islands, I strongly recomm^d Jack London’s SotUh Sea Tales. 
There are terrific descriptions of storms sweeping right over the 
islands, and of British imperialism, represented by me “Moon- 
gleam Soap Company’’. 

Before meir discovery by Europeans the inhabitants of the 
Caroline Islands had reached a considerable degree of dviHza^ 
tion, and made great stone buildings, now ruined, on artificial 
islands in the shallow water behind the coral reefi. Most of 
them were killed off by the Spaniards who conquered these 
islands in the i6th century, and the Germans and Japanese, 
who succeeded the Spaniards, did Httle to help them. 

We may hope that those who survive the American air raids 
and naval bombardments may at least get a new deal, and be 
given a chance to Hve in the way which they desire, rather than 
according to the wishes of Jesuits or soap manufacturers. 

Their &te will depend on the balance, in American poHtics, 
between imperialistic t^dendes, and the more hberal policy 
which had promised independence to the Filipinos at a definite 
date, whoreas the date is uways omitted in similar promises to 
Indians. The Atlantic Charter should be applied in the 
Pacific Ocean. 
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t A WORLD GEOLOGICAL SURVEY 


I N these teniUe times* many Mi^le will think it utopian to 
wiite sunshine stories about the mtore. If our Government 
w^ not even state its war aims, is it not ridiculous for members 
of a small minority to discuss what they hope will happen? 

I don’t agree. Marxists think that history is moving towards 
universal ^dahsm and the Inreakdown of barriers not only 
between classes but betwi^ nations. And one solid block of 
two hundred milHons in the Soviet Union is working towards 
tlwse goals. Not towards a world state. States are instru- 
ments which are e£Eci«it for class war and international war, 
and very inefficient for many other purposes. A world-wide 
Socialist community would probably be so difierent from any 
existing state as to deserve some quite different name. 

One of the first tasks of scientists in a world organization 
would be a real world survey. This has so far been done in a 
very uneven and unorganized way, owing to rivalry between 
lutions and firms, and to the predominance of the profit 
motive. There is, for example, an immense amount to find 
out about the geology of the British and French Empires, 
because there are not enough qualified British and Froich 
geologists to do the job, and foreign geologists would not be 
encouraged. A few Indian geologists are now studying the 
rocks of their country, blit I have yet to hear of any Nigeruui 
or Ugandan geologists, though members of "primitive” races 
in the Soviet Union are taking up geology. 

A good deal of geological mowledge is a trade secret of oil 
and mining firms. Very Utde is known of the geology of 
some countries, for example Afghanistan and Tibet. . This is 
largely because the Afghms and Tibetans do not think they 
would be any happier if oil or gold was discovered in their 
countries, and do not allow prospectors. If they could go to 
the Caucasus, they would see a country where oil has brought 
wealth to people, and n<M to financiers in New York, 
Londem, cm: Amsterdam. So if they were sore tblat dw 
I November 1940. 
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coonitifis' soinetals would be used £ot tbeir own good, diey 
would proluddy duuige thek minds. 

The tot tasic of world surveyors, then, would be the pre- 
paradtm of dialled geological c]imatol<^cal maps of the 
worid. Over wide areas not|iin^ of eccmomic impornmce 
would be found. But over theyrozld as a whole enougn would 
be discovered to increase the mineral resources of the human 
race many times over. This has certainly been the result of die 
great geologiod survey of the Soviet Union which is Still gmng 
<ni. foddentally we should gain an immoase amount of new 
knowledge concerning evolution. For the detailed history of 
evolution can only be based on a study of fossil animals and plants. 

It has long been dear that both mammals (that is to say 
warm-blooded hairy animals which suckle their young) and 
birds are descended from reptiles. We know many details 
of the origin of mammals, thanks largely to the work of one 
man. Broom. We know very little ac>out birds, though a 
few fossil birds with teeth in their jaws, daws on their wings, 
and long bony tails, make the general line of thdr evolution 
dear, hi Sot^ Africa the Karoo formation consists of rocks 
which were laid down frirly steadily during the time mammals 
were evolving. Elsewhere, so fiir, there is no continuous 
record, though a certain number of reptile-mammals are 
known. But the South African record shows that the bones 
and teeth at least evolved dther quite steadily, as Darwin 
believed, or by fairly small steps. Geology has been highly 
developed in South Africa, because of the search for gold and 
diamonds. Perhaps the similar record for birds will be found 
in a country where there are no economically valuable minerals. 
The evolution of horses was mainly worked out from fossils 
in U.S.A. beds which were excavatra on sdentific rather than 
purdy economic grounds. 

A wodd geological survey ‘would include some colossal 
engineetii^ tasks. If we are to find out what the rocks are 
like in coitral Greenland we shall have to bore through more 
than a mile ofice to get a sample. It will be necessary to bore 
below the floor o£ the deep ocean at a number of points. At 
present we know a lot about the silt on the surface, and have 
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taken t lew saowks down ten feet below it Pfe^UDh 
ably oar descemunts will Iowa: a ^ting madiine four 
or more in jsome deep bat calm part of me ocean, and aindtor 
a ship <Hr rait above it, from whidi dectric powo: will be 
trastsnntted. Only then shall we know how thidi: the sedi- 
ments are, and wnether, as many getdc^ists dunk, the rock 
below them is generally basalt, as opposed to die granite which 
is usual under me continents. 

Another task will be the exploration of the deep rocks under 
the continents. At present the deepest boi^iole is under three 
miles deep, about one fourteen-himdredth of the distance to 
the earth’s centre. If the earth were the size of nan apple, this 
would correspond, not even to die thickness of the s^, but 
to that of the waxy layer on its outside. 

The rocks near the earth’s surface are generally sedimoitary, 
that is to say were slowly formed on the sur^e under the 
influence of water, wind, or ice. Under them almost every- 
where, and sometimes at the sur&ce, there is granite. But the 
granite layer is not very thick. About six or eight miles 
down, the evidence from earthquakes makes it pretty certain 
that the granite lies cm denser rock, and below this is a still 
denser layer. We shall have to know what these are made of 
The information may be of no economic value. But we may 
strike vast supplies pf valuable minerals, or find out how to use 
the heat as a source of power. 

It will only be possible to plan a world community if we 
know our resources. And since we can make new plants and 
animals, but not new minerals, a stirvey.of the world s minerals 
will be needed before the world re^y becomes man’s world. 


11. A WORLD BIOLOGICAL SURVEY 

Last week 1 dealt with the 'need for a survey of the world’s 
rocks. Some cxitics will say that I mn taking an out-ofdate 
view of science. The i8th and early ipth centuries were the 
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times fist collectkms. Odkctkm lias fiem st^oseded by 
experimmt. 

I don’t ageoe. Hie fitst teal w(»dd survey of plants and 
atatnals was made fay the great Swedish bitdogBt linnaens, vsfao 
listed all die species ^o'wn to him. He got his specimens firom 
die impiodah^ voyagers of his time, llie British, and Ermch 
merchants were struggling for the domination of Indu, the 
Spaniards and. Portuguese were at last looking fiir somediing 
b^ond gold and silver in Sooth America. He listed the plants 
and ammals which they fiiond. 

We shall need a survey inspired by Socialism as linnaeos’ 
survey and those of his successors were inspired by Imperialism. 
Here the “pure” scientist will hold up his hands in horror. 
“There is only one science,” he will say; “you are going back 
to the Middle Ages if you speak of Soci^t science, as if politics 
could affect truth.” 

On the contrary, a survey on Linnaeus* lines is very useful 
fiir the rapid exploitation of a country. It tells you where you 
will find a particular sort of animal or plant. But it does not 
tell you how to keep up the supply of it. And in consequence 
large tracts of the earth’s sur^e nave been devastated. Wild 
animal species such as the American and European bisons and 
one species of mountain ssebra have been almost exterminated; 
others, like the American passenger pigeon, and the tarpan, one 
of the wild horse specie^, are dead. Many fisrests have been 
cot down, leaving bare rocky hillsides. Large areas of the 
central United States have turned into a dust bowl. 

TIm modem study of wild animals and plants is a very 
different matter. For one thing it is quantitative. Biologists 
are counting plants and ammals, not of course as accurately as 
human beings are counted at a census, but still fidrly accurat^. 
In a few cases the total number in a species in the whole world 
is known with &ir accuracy. This is so for the b% trees of 
California, and fi>r two British birds, the St. Kilda wren and the 
gannet When last cpunted these numbered 136 and 156,000 
iMults req>ectively. Ihe number adult herons in Britain 
was about 8000^ in 1928 with a possUideerrcHrofa few hundreds 
each way. 
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Even msects can be counted. For example tsetse fSestio 
Afiica and butterdies on one of the Sdilly mjoids bave been 
counted as follows. Each day a numba are caught, marked 
with a spot of coloured vanudi, and rdeaseci/ l^he number 
recapturra on later days is thoi counted. Ik>r example if 50 
butterflies are marked gre<m on the right forewing on Mcmday, 
and out of 50 caught on Tuesday, 5 have green marks, dds 
means that the total population is about 500. If you go on for 
a month you get a foirly accurate estimate of the total, whether 
it is increanng or not, and of the avenge length of lifo. You 
can also find out how fiur the insects usually fly in a day, and 
many other interesting points. 

Above all, the modem naturalist studies animal and plant 
communities and their relations. These communities, if they 
are not changing, are in a state of equilibrium which is easily 
upset. Today in England rabbits eat a vast amount 6f grass 
which would otherwise support sheep or cattle, whilst in 
Australia they are a national calamity. But in the Middle 
Ages rabbits were quite valuable in England, especially as a 
source of fur, and only noblemen were allowed to have rabbit 
warrens on their land. They have increased, in spite of the 
denser human population and the use of shotguns, because 
hawks, foxes, weasels, stoats, and other anim^ which eat 
rabbits, have been kiUed off. 

But a good many plant and animal associations are unstable, 
unless men intervene actively. Leave an English ploughed 
field alone, and it will soon be covered by grass. Within a 
generation the grass h invaded by thorns and other shrubs. 
Then more gradually, in most areas, trees will oust the shrubs. 
And in a few centuries there would be' fiiirly dense forest, as 
there was two thousand years ago over much of the country. 
This stable plant community is called the dimax, and consists 
of forest over most parts of the globe, though in other areas it 
may be desert, grassland, heath, or marsh. Of course a§ a 
plant community changes, so do die animals. As woodland 
replaces open country we get a completely dif^ent set of 
birds, which nest on trees instead of on the ground like larks. 
Wild pigs would replace grazing jmimals, squirrels would 

o. 



m SCIENCE IN A WORLD COMMUNITY 

become commooer (iian tabbits, and so on. One of die first 
st^ in invest^^atii^ an animal community is to find isdiat 
earn animdi eats. This involves identifying their stomach 
contents at dif&trent times of the year, and is a difficult job. 
For it is one thing to identify a whole beede, but much harder 
to find the species to which a wing-case or leg belongs. 

The sdaidfic study of animal and plant communities is 
called ecology. It has been mainly carried out in Europe and 
North America. Some of the best studies have been in the 


Arctic, where there are rather few species of animals and plants, 
so relations are simpler. 

Similar studies in the tropics are essential if they are to be 
made fit for healthy and happy human Ufe. Irrigation may 
lead to a big cotton crop, and a flow of profits to (he dty of 
London. It may lead to an increase in me local peculation. 
But it may also favour mosquitoes which spread mahuia, and 
worms which bore into men’s tissues. In a planned world 
community the probable results of any change in agricultural 
mediods, or of clearing forests, would be investigated before 
this was done on any great scale. And a systematic attack 
would be made on dangerous spots, such as the semi-desert 
areas where locust swarms breed which may fly off and 
devastate crops a thousand miles away. 

In the same way the exploitation of the sea would be con- 
trolled. Today whales are being exterminated, and many 
areas grossly over-fished. But few international ^reements on 
such matters last for long. World control of fishing and 
whaling would in the long run increase the sea’s yield, and save 
valuable species firom extermination. And the extinction of a 
species is far worse than the killing of an individual. The 
individual is replaced in a generation. It may take a million 
years to make a new species. The preservation of valuable 
species would be part of the task of a world community. 
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tenin saw that Socialism could only succeed in the Soviet 
Union on a basis of electrification. For though the Soviet 
Union is rich in coal, its coal resources are probably le% per 
unit area than those of Britain or Germany, and many districts 
are a long way fiom coal-fields. 

Besides, Lenin, though he had a keen eye for the present, 
looked centuries ahead. And once Socialists have abolished 
poverty, they will inevitably plan and build for posterity 
rather thah for immediate profit. Our mediaeval ancestors, 
whatever their fiiults, built for the future, and their cathedrals, 
colleges and halls are among our greatest treasures. Theipdi- 
century capitalists, with their eye on immediate profits, left 
very little which posterity want to preserve, and 
squandered natural resources in an abominable way. A large 
amount of the coal of Britain is unworkable because the seams 
were worked without any general plan. 

The problem of power faUs into three divisions, namely 
generation, transmission, and storage. The fint sources of 
power, apart firom slaves and' animals, were wind and water 
mills. The factories of the late i8th century were largely 
built over water mills. But before the invention of the 
dynamo water power .could only be transmitted for a few 
hundred feet at most. And before the invention of accumu- 
lators it could not be stored. Today energy is mainly trans- 
mitted in two distinct ways. Electric power can be sent for 
hundreds of miles by a grid of high-tension cables, from a 
generating statioil at a source of water power or a coal-mine. 
Or it can be sent by rail, ship, or pipe-line, stored in the form of 
coal or oil. 

But ouergy in its most readily available fonns^ mechanical 
and electric^, cannot be easily stored. Accumulators are too 
heavy and bulky to be of much use for driving vehicles. Any 
vdii<^ which does not run cm a fixed route where electric 
power is available must use coal, ml, or some oth^ chemical 
source of energy, gteerally from undeig;round. 
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A world society will rdy sp £ur as posaiye on dectiic power 
generated by water, for a, very simple reason. A water£dl 
does not last for ever, but it lasts for tens of thousands of years. 
A coal-field or an oilfidd is exhausted in a century or so, and it 
takes millions of years to make a new one. 

Udal power as wdl as fiesh water power will be used. This 
will involve the ^temporary storage of energy. A Socialist 
Government of Britain will at once start on the Severn barrage. 
This will give a great deal of electric power for eight hours of 
the day, when there is a big difierence of water Wei on the 
two sides of the dam. It will give less power over another 
dght hours, and hardly any during a third e%ht hours. So the 
extra power df the peak period will have to be stored. It is 
proposed to do this by pumping sea water up into an artifidal 
We in the Wye valley, which will empty during the time 
when the tides are slack, and thus furnish a steady flow of 
power. This scheme was turned down twenty years ago 
because it would have interfered with vanous private interests, 
and would not have given a high return on the capital invested. 
But in a Sodalist community such schemes will go forward 
because they will in the end form almost imperishable additions 
to the people’s wealth. 

When most of the readily available firesh and tidal water 
power of our planet is harnessed, and used for factories, rail- 
ways, trams, trolley-buses, lighting, heating, and so on, we 
shall sdll need more power in some areas, and also a source of 
power for ships, aeroplanes, buses, cars, and other vehicles 
which do not go on fixed routes. 

A very obvious further source of power is the wind, but 
this is so spasmodic that it could only be used if die power 
could be conveniendy stored. There are several possibiHties of 
doing diis. One, of course, .is a big improvement in accumu- 
lator design. This seems less likely now than it did twenty 
years ago. Another is the development of condensers. Some 
of the modem plastics have such a high dielectric constant that 
it might be possible to use diem for storing static electricity at 
high voltages. More {nrobable is the use of electric power to 
produce a fiiel which would replace petrol, coal, <x both. 
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It is fiMy easy to make hydrogel by pasang an Nettie 
eorrent a solution of an or salt in water. 

means of Hqoefyi^ it have b^n vasdy improved by Kapitaa 
in the U.S.S.R. But its storage is another matter. It ib die 
lightest of aU liquids, so it takes up a lot of room. And it 
must be insulated from heat, or it soon evaporates. Things 
would be vasdy improved if electric power could be used to 
main a gas which is more easily Hquefied, and less bulky, such 
as methme, or still better, some of the components of ordinary 
petrol. Liquid methane, from underground natural gas 
hquefied in fiictories, is already used for drivii^ buses in the 
Soviet Union. But so fiir as I know no~one is tackling the 
problem of making it by electric power. 

Such problems as this will be one of the tasks of scientists 
in a world community. The ultimate aim of such work will 
be to provide sources of power for the human race which will 
last indefinitely, and will not involve the danger and dirt inevit- 
ably associated with the mining and transport of coal and oiL 

To a biologist the dirt is an important part of the story. 
Try to imagine a dty where there was no smoke, and no dirty- 
ing of hands and houses with coal, but also, of course, no horse 
dung in the streets. Its inhabittmts would take for granted a 
standard of cleanliness which would enable them to raise their 
health to a higher level. 

Power would be available in vast quantities, but it would 
not be based on the yearly sacrifice of thousands of coal-miners, 
and the spoiling of vast areas of what was once beautiful 
countryside. Tw nearest approach to this ideal is found today 
in countries such as Switzerland, where water power is vary 
abundant. In a properly organized world it will be the normal 
human environment. 


IV. FOOD 

In earlier articles of this soies I have dealt with s&me of the' 
survejn which will be needed so that the resources of our planet 
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can be used to die best adirantage. Of coucse plenty mote will 
be necessary, pardcolarly a wi^ld survey of diseases. At 
pRseu many cuseases are confined to a small area, firom whidi 
tbey are Uable to spread when communicaticms are improved. 
Sodi are Rocky Mountain Spotted Fever in North America, 
and Oroya Fever in Sooth America. These shotdd be stamped 
out before they have spread. 

But the great tasks will be those of the experimental rather 
than the coUecting and surveying branches of science. Some 
of our activities, such as transport, communication, and war, 
involve a great deal of science, others such as feeding, clothing, 
and the building of ordinary houses, a great deal less. As 
regards food, it will be necessary, first to find out as exactly as 
possible what people need, secondly how to provide food with 
the minimum expenditure of labour, and thirdly how to make 
it as pleasant as possible. Of course these three tasks would 
go on together. 

The fict task would imply the use of hundreds of men, 
women, and children as experimental animals, kept on rigidly 
controlled diets, like so many rats, and with their health and 
growth very carefully studied. The subjects would not be 
likely to die, or even to become seriously iU. For the object of 
the research would not be to find the minimum needed to 
preserve li&, but the minimum needed for perfect health, which 
is a very difierent matter. They would probably find their 
artificial diets rather dull. 

The second task is a far larger one. I am prepared to bet 
heavily that the diet produced with the minimum labour 
expenditure would be a vegetarian diet, and what is more, a 
rigidly vegetarian one. For most so-called vegetarians con- 
sume animal products such as milk and cheese, v^ch are made 
without taking animal life. However they are made by a 
roundabout process. The cow eats grass, and some of the 
foodstuffs present in the grass reappear in the cow’s milk. 
But most of them are usra for movement^ for growth, for 
producing bull-calves which do not make milk, and so on. 

Our chief classes of fixxlstaffi are carbohydrates such as 
sugar and starch, fots and mis, and proteins such as the ipain 
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comtituraits of meat and <dieese. We can easily get oar 
stardi and margarine or oil firom plants, bat plant protidna 
have so £u: proved less sati^urtdry than animu proteins &>r 
huhian diet To keep in health we need far more of dw 
proteins of bread and oems than of miUc, meat, eggs, or fish. 
This is because the plant proteins usually eaten are mose whidt 
plants store in their seeds, and not those which they use in their 
living cdls, for the actual work of making starclt wood, and 
so on. 

These latter are much more like the human body proteins, 
so we need less of them in our fopd. On die odier hand we 
cannot eat leaves in large enough amounts to supply them, 
since we cannot digest the fibres and cell walls. A cow can do 
so, at least in part. So we eat our leaf proteins second-hand 
as beef or milk. However, we only get sbmewhere between 
a fifih and a tenth of the pTotcin eaten by the cow. It is quite 
possible to extract the proteins firom grass by means of a press. 
They are not very tasty, but seem to be quite nourishh^. And 
the process of extracting them has reached a stage when Lord 
Woolton, the Minister of Food, ate some in a Cambridge 
College recendy. 

Grass protein could at present be used to replace a good deal 
of our meat and cheese. But I do not thiiu that it will be 
so used. For one thing the National Farmers’ Union would 
probably raise objections, and if not, some official or other 
would almost certainly obstruct the efibrt to use it. In addi- 
tion most people are very conservative in- their feeding habits. 
The workers would bejusdy suspicious that this grass protein 
was about as useful for preserving health as a brick shelter 
built with hme and sand instead of mortar for preserving 
Efe. 

They could be induced to eat it if, fer example, the Royal 
Family, the inhabitants of the Dorchester Hotel, and every 
officen’ mess in the army ate grass protein instead of meat on 
two days of the week. When this ^ gone on fi>r a mrmth, 1 
»ha11 be glad to help in a campaign to spread its use among the 
people. While therefore I ooiut vm^er we sh^ use the 
resources of Britain to the full'in feeding oursdyes during the 
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fMresent war, I have licde doubt that some day our descendants 
will do so. Iliefilure which mnainsvdiai the juice has been 
pressed, out of the gnus could be used for various purposes, 
UKluchng fodder and fiiel, and as a substitute for wo^. 

I think duA such a change is likdy to be succ^ful on other 
pounds. If people are not accustomed to violebce, they dis- 
like dbe idea of killing animals. I think I would become a 
vegetarian rather than ^ all animal meat 1 eat, though I am 
not an absolute pacifist towards animals, and will swat dies or 
set mouse-traps when 1 thmk it necessary. I think that a time 
will come when no-one will volunteer for the work of 
slaughtering animals, and very few will be prepared to eat 
them. But I do not think this will happen till we have stopped 
killing human beings for a century or so. 

And I don’t think that we shall ever adopt the attitude of 
some Indian religions such as the Jains, who will not kill 
noxious insects such as bed-bugs. On die contrary, I think 
one of the early tasks of the world community will be the 
extermination of such creatures. ' 

It would be much harder to use sea plants direcdy. Most 
seaweeds are unsuited fi>r human food, and once we get away 
fiom shallow water almost all the plants in the sea are micro- 
scopic, consisting of a single cell. We don’t even eat them at 
second-hand when we eat fish. 

On the contrary, a typical food-chain in the sea is rather long. 
Thus we cat cod, which has eaten (among other things) 
herrings, which have eaten small crustaceans which have eaten 
one-ceUed plants. So in this case we eat the plants at fourth- 
hand. 

Our exploitation of the sea is at present at the primitive 
hunting stage which our ancestors gave up thousands of years 
ago. Our descendants may catch die tiny plants direcdy in 
vetj fine nets. They may even learn to fiurm the sea. We 
can t see how this would be done. But a primitive hunter 
could not imagine how to grow wheat or potatoes, so our 
successors may solve this problem. 

In any case it is cmain that by applying really scientific 
methods we cotdd‘fi»d many more peo]^ pd: square mile than 
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we do now, and probably at a less cost But an inunenie 
amount of research will be needed before this is possible, and 
at present very little of it is being done. 

. [Hiis scries came to an end with die suppressioa 
of the Daily Worker in 1941.] 
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THE COMPARATIVE STUDY 
OF FREEDOM 




The Comparative Study of Freedom' 

T he first essential in any scientific study is a possibility of 
comparison. The measuring rod, the stop-watch, and 
the balance, are at the very roots of science. It our study of 
freedom is to have any practical results, we must try to tackle 
the question ‘^Is A fi^ than B?” A may be a bus-driver in 
New York, and B a bus driver in Belgrade. Or B may be a 
corporation vice-president, a poet, or A’s wife, in New York. 
In dmost every case we find the question unanswerable. A 
has more fireedom than B in some directions, but less in othen. 
And the different kinds of fireedom are incommensurable. A 
can, if he wants to, read the works of Marx, and can afford to go 
to the movies every night, which B cannot. But B can have a 
drink after midnight, and can afford a garden where his chil- 
dren can play, which A cannot. Who is to decide which is 
freer? Our best plan will be to specify different possible fields 
of freedom, so that we may be aole to carry out comparisojis 
within these fields. The overall summary will inevitably be 
subjective, but we can at least say that in some particular respect 
A is freer or less free than B. 

Besides asking whether A is freer than B, we can ask the very 
important question whether A is becoming freer or less free 
in a given respect as the years go by. I would personally 
prefer to Uve in a country where freedom was increasing from 
a rather low level to one where it was declining from a high 
level. This again is perhaps a matter of one's own philosophy. 
But certainly such trends caimot be neglfected. 

Our classification of the fields of freedom will inevitably be 
somewhat arbitrary. And different classifications will over- 
lap. Thus let us sec what is meant by religious freedom, which 
most people in the United States honestly believe that they 

* This was writtctt about Christmas 1939, before Hitler’s cotiquest of 
Europe. I have not attempted to bring it up to date, if only because the 
resuk would be a bald comparison of the Fas^ and anri-Fasdst secrions of 
the world. 
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emoy. It queans l^al Exedom to believe any of a £tir variety 
of doctrines, and. to persuade others of didr truth. There is 
also l^al £ceed<»n to attack the religious doctrines of others 
up to a point. But you will find yourself in jail if you walk 
into a Catholic church and denounce the worshippers as 
idolaters or into a Protestant church and brand them as 
heretics. You may practise religiotu rites if they are not 
indecent or dangerous to life. But if you think you enjoy fiill 
religious fireedom, try practising the Ifindu Lava Yoga in New 
York and see how long the vice squad will leave you alone. 
Or bring over a crate of rattlesnakes and try the Hopi snake 
dance, and see how -many laws you are breaking. As for the 
religion of the Latter-day Saints, which turned die salt deserts 
of Utah into a garden, one of its main practices, polygamy, has 
been prohibited by the Congress of die United States. The 
plain act is that in any society there has at most been fireedom 
for a group of religions which enjoin fairly similar standards 
of moral conduct. So it will be logical to divide up religious 
fireedom under fireedom to communicate ideas, fireedom in 
semial relations, various kinds of economic fireedom, freedom 
of children, and so on. ' 

Besides this horizontal dassificadOn, so to speak, there is a 
vertical classification of firefcdoms at difierent levels. The most 
fundamental level is the technical level. This may be Marx- 
ism, but it is also common sense. There could be no fireedom 
of the press before printing lyas invented, because there was no 
press to be firee or unfiee. Thus a technical advance makes a 
new kind of .fireedqm, and a new kind of bondage, possible. 
.Giveti the technical possibility, there must in general be some 
legal restrictions. In no country is the press so firee that 
incitements to murder the rulers of a state may be printed with- 
in it. Most people will support this restriction. Besides legal 
restrictiotis there arb customary restrictions. Law permits me, 
but custom refuses me, the right to walk about the streets 
of London in 

A tiger skin ail stnped and specked, 

A scarlet tunic with sunflowers decked. 

And a peacock hat with the tail oect. 
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In prixnitive societies dure is no division betwem legal and 
customary restnctimis, and in Ei^lmd too gross a br»di of 
custom may turn out to be the crime of “insmting behaviour**. 

Economic restricdmis on freedom are of primary import- 
ance. A vast number of technical possibilities are only open 
to a small minority. Very frw people can own a steam 
yacht. Somewhat more can own a ^and piano or an auto- 
mobile. The all-im]Mrtant Hberty of communicating ideas is 
enormously restricted by the fret that very few people are rich 
enough to own a daily newspaper. Further the developmait 
of technique tends to increase economic restrictions on Hberty, 
simply because modem technical inventions embody a great 
deal more labour time than most of those of the past. 
Augustus Caesar could have more clothes and a larger house 
than an ordinary well-to-do Roman. But, unless he had 
wanted to have a pyramid built for him, he had few or no 
kinds of quaHtadve freedom beyond his special poHdcal free- 
dom as emperor, which many other Roman citizens did not 

S . Communists, who are often regarded as enemies of 
}m, lay great stress on the fact that in practice many kinds 
of freedom, diough not legally- or custoniarily restrict, are 
economically restricted so that they are the privileges of a 
small minority. “Liberty”, they daim, “is such a precious 
thing that it must be rationed.” Under Socialism, as practised 
in the Soviet Union, certain Hberdes, for example the Hberty 
to print or to voyage in a yacht, can only be practised by 
groups. , 

Finally we mpst consider internal restrictions on freedom; 
These may be at a variety of levels which in practice we rather 
arbitrarily divide into physiological and psydiological, though 
every doctor realizes dut the distinction is seldom quite 
Clearly a paralytic has less freedom than -a man with fuU power 
over his musdes. But most people would regard a man with a 
wooden leg as freer than a cocaine addict or a victim of an 
obsessional psychosis which compels him to wash his hands 
twenty times a day. Beyond this it is harder to go. We all 
know people whose idea of “true freeddm” is dbe following of 
some very narrow path. We can hardly define psycholt^^cal 
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fixedom widboot ventxidng into pfaiksopfay. Freedom is 
somediing more dm bang able to do what one desires so &r as 
the laws of nataixe permit The drug addict with unlimited 
supphes of his drug is at least rektively un&ee. His actions are 
controlled by a angle motive, and leHtd to madness and death. 
A rich man -^o oscillates in a narrow orbit of office, bed, 
golf course, and annual hoUday in the same resort is controlled 
by a narrow set of motives. He is relatively unfiree because he 
has been so e&ctively conditioned by society that he has no 
will of his own. We need not however go to the other ex- 
treme, md hold up as an example of complete freedom the 
man who never k^ps an appointment, or is fridiful to one 
woman for a month on end. The so-called Bohemian can be 
described as the salve of his own caprices, and psycho-analysis 
would probably show that he is dominated by irrational 
motives of which he is unconscious. 

As a geneticist, I see the problem in this way. Every 
human bmg, apart from monozygotic twins, has a unique 
genotype. For example my own genotype determines in me 
a subnormal capacity for music and a supernormal capacity for 
mathematics. Every genotype can be placed in many diffierent 
enviromnents. In some the individual will develop its powers, 
and act freely, in others this will not be so. If I had been bom 
into a musical frmily and had no opportunity of leamii^ 
mathematics I should have been less free than I am. Som6 
genotypes, such as those which determine idiocy, can never 
attain to much freedom. A frw, perhaps, can only frnd their 
realization in anti-sodal activity, thot^h this i| doubtfuL But 
in any modem society a vast number of different activities are 
open. In so frr as the choice between these activities is based 
on genotypes we can say that the society is free. Or to put it 
in another way, that society is freest in which each indiA^ual 
is pursuing those activities which give most scope to his or her 
innate abiUtim. 1 am perfectly aware that Amtotle defined 
hapjmess as “ttaimpoled activity”. It may be said that I am 
speaking of happiness ratl^r thm freedom. The framers of 
me American Constitution realized that they were closely 
connected, though 1 suspect that hapjnnen arises rather as a 
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by-{>rodiuM: from other activities than from its own deliberate 
pursuit. 

But we cannot leave the matter on this merely bioWical 
level. 1 £^ree with Spinoza, Hegel, Ethels, and Caudw^ to 
whose an^ysis of &^om in ulusion and Reality I am pro- 
foundly indebted, in defining freedom as the recognition of 
necessity. This is obviously true in the technical field. As 
long as men thought in terms of magic carpets, seven-league* 
boots, and angels who caijied a house from Palestine to Italy, 
they could not begin to investigate the necessities embodied in 
the laws of physics. And unm they did this, they could not 
build railways or automobiles. It is also true in the social and 
poUtical field. A free man willingly obeys laws which he 
recognizes as just, that is to say necessary in the existing social 
context. And it is true in the psychological field. Here one is 
free so far as one understands one’s own motives. In order to 
do this one must not merely examine one’s own consciousness 
and so far as possible one’s unconsciousness, but also the social 
system by which one has been conditioned. A man who 
accepts his mother’s moral teaching as the voice of conscience 
is no more free than one who beHeves his sex hormones when 
they tell him that the last pretty girl he has met is the most 
wonderful woman in the world. The difference between a 
man and an animal is largely a matter of consciousness, and the 
difference between a psychologically free and imfree man is 
also largely a matter of consciousness. 

The analysis which follows mainly relates to conditions 
before September 1939. War inevitably diminishes freedom, 
though much less is lost by defending one’s country than by 
surrendering to aggression. 

We can gain some insight into the general nature of freedom, 
by studying the simplest kind, namely freedom of movement. 


Freedom of Movement 

Imprisonment is die very n^ation of fireedom. And free- 
dom to go where one wants to is a very important kind of 
freedom, if cmly because one can ocape from many kinds of 

r 
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bondage provided emigratioii to a &eer country is possible. In 
tbe I 9 im centtiry firee^m of movement meant political free- 
dom for many millions of Europeans who crossed the Atlantic 
to the United States. Today tras is no longer so. 

Freedom of movement depends in the most obvious way on 
technical inventions, such as roads, die riding of animals, 
wheels, harness, ships, railroads, automobiles, and aeroplanes. 
But this technical progress has had two effects. It has made 
legal restrictions on freedom of movement necessary, and it 
has led to economic inequalities. Bullock cart drivers on 
county roads in India do not seem to worry much about the 
rule of the road. A collision between two vehicles moving at 
3 m.p.h. does not gready matter. But somewhere about 
10 m.p.h. a rule of the road becomes necessary. At 20 m 4 ).h. 
the energy liberated in a head-on crash is increased fourfold, 
and the me becomes a matter of life and death. With higher 
speeds an elaborate road code, and special poHce to enforce it, 
are needed. That is to 'say some legal restrictions on freedom 
arc the inevitable result of technological gains in freedom. In 
actual fact many of these legal restrictions result in real gains of 
freedom. I can drive much faster because drivers are restricted 
to one side of the road than I could if both were legal. And 
being a radonal man I recognize the necessity for this restriction 
and gain in freedom by doing so. 

1 gain from other restrictions. The anarchist’s ideal would, I 
suppose, be that anyone should be free to go anywhere. But 
I am actually freer because this is not so, and no-one has a legal 
tight to enter my house except with my permission or with a 
warrant from the state. I should be still freer if I possessed a 
small private garden. But privacy can be carried too far; and 
it is carried too frr when one mim can enclose a hundred square 
miles of mountains for the purpose of shejoting, and keep the 
pubhc ofr them. In this case, as in many others, a considerable 
measure of equality is a requisite for freedom. 

In practice, however, restrictions due to private property in 
land are less serious than other eccnomic restrictions. Most 
peotde in Britain cannot move about as they would like to, 
cvai in peace time, for one of two reasons. Either they have 
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a job. and only get very brieFhoEdays. They may have saved 
up a good ded of mcmey, but they dare not leave their job 
fear of losing it. Or th^ are out of work, and cannot alTotd 
to travel. It is extremdy di£ 5 cult to arrive at any data, but I 
am inclined to think that averse man has a greater fireoiom 

of movement in the United States than anywhere else, and that 
this freedom is increasing most rapidly in the Soviet Union, 
where it is already frirly lugh. This, if correct, is due to the 
great development of transport and the high real wa^e in the 
U.S.A., and to the system of holidays with pay and workers’ 
holiday resorts in the U.S.S.R. together with the fret that, as 
there is' no unemployment there, workers tend to move very 
freely from one job to another. 

It is also due to the large size of these two states. It is 
extremely difficult to leave one’s country in search of work. 
And in an increasing number of states one catmot take any large 
sum of money out of it, so that in practice one can only travel 
abroad on state business, or business approved of by the state. 
The difficulties of foreign travel have been increasing for the 
averse man since 1900. A rich man or a man with political 
influence can fly half round the world in a week. But I can 
remember when I could travel to most European states without 
a passport, whereas now 1 must ofren waste days in getting the 
necessary visas. Freedom in this respect is declining rapidly. 
The restrictions are certainly mainly due to economic causes. 
If, as seems likely, capitalism works progressively worse' as the 
years pass, they will increase. And it wul become increasingly 
desirable to be a citizen of a state covering a large area. For 
this purpose, by the way, the British Empire is not a state. 
One needs a passport or permit to travd to Eire or Canada 
from Britain. 

As for the internal or psychological aspect of freedom of 
movement, we are slaves of custom to a most surprising degree. 

1 ment three days this winter' goii^ up the principal mountains 
of Wales in January, when mey are covered with snow. I 
met exdcdy two other parties, though the Alps were, crawling 
with Englishmen a year ago. And in certain types of society 

' i939-t940> 
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t})^ is a strong ideological objection to travel. It is instruct- 
ive to read the words which Dante puts into the mouth of 
Ulysses in hdUL In one of the greatest passages in literature he 
describes a voyage of exploration to Soudi A^ca. And he 
repents it. Dante thought it was .widced to sail outside the 
straits of Gibraltar. 

Very few people are explorers. A ban on exploration is no 
inhingement of the Hbcrty of the^ vast msyority of people. 
Yet it may have a decisive effect on the history of a nation. 
The present expansionist drive in' Japan is largely a belated 
attempt to overcome the handicap produced by the prohibition 
of foreign travel from 1636 to i860. A blow to the Hberty of 
a very small minority may be a blow to a whole people. 


Freedom as a Consumer 

Every human being is a consumer, even if not a producer. 
Every improvement in the technique of manufacture means a 
potential increase in freedom of consumption. So does every 
increase in real wages. Hence a comparison of the real wages 
in difierent countries tells us a good deal about the amount of 
this kind of freedom. Given die possibiHty of buying some- 
thing beyond essential food, clothing, md shelter, freedom 
depends -on the choice of commodities or services which 
is available, and the way in which the choice is actually 
made. 

Legal restrictions may be frw, as in the United States. 
Sofhe people even think that lethal weapons are too easily 
bought there. They may be very serious, as in Britain during 
war, when many foreign-made goods are unobtainable owing 
to import restrictions. Over large sections of the world free- 
dom of consumption has been drastically curtailed in recent 
years in order to promote national economic sdf^uffidency, or 
autaiky.> Apart from the question of books, which will be 
considered later, the most interesting problem is that of alcohol 
and drugs. Heroin is an' unrivamra cough cure. I have 

t Thisisdieconrectspdlma. Aotardiy means something quite different, 
eidier lelf-^ovenimait, or s^stardng. 
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^eyenl times t^en laige aamtsiis of it for a OHiikteiablA 
period witlioot devdoping the Whitest craving. ProbaUy 
many others — ^pcrham a majority — ^would be none the w<^ if 
they could buy it freely whenever they had a cough. But 
there are enoigh potential addicts to justify its prohibition. 
Many people would prohibit alcoholic beverages because when 
they are sold freely some people abuse them. The attempt was 
a failure in die U.S.A., but may succeed in India. No pro- 
hibition of this kind should be regarded as desirable in itself. 
In fact, ev»i if we agree that narcotics should not be sold 
freely, we may hope that our descendants will one day achieve 
sufficient psychological freedom to make this possible. 

Custom, as well as law, plays a very big part in limiting 
freedom of consumption. There may be a standardized type 
'of expenditure ‘for a given class or profession. Thus until 
recendy in England the ritual killing of foxes, grouse, salmon, 
and so on, at appropriate times of the year, was the hall-mark 
of respectability. At an earUer period a gendeman was ex- 
pected to form a library. In the prespnt age of transition 
England is probably unusually free in ffiis respect, freer than 
the United States or France. On the other hmd, as we shall 
see later, England is one of the least free countries in the 
world as regards discussion of the merits of consumable 
goods. 

I think it probable that; owing to the high average real wage, 
the U.S.A. heads the list as regards freedom of consumption. 
This was almost certainly so during the epoch immemately 
preceding the i8th amendment and the economic collapse of 
1929. Today there are so many families with no margin fr>r 
buying beyond the barest necessities, that it is not so certain. 
The most rapid increase, though from a low level, is occurring 
intheU.S.S.R; 


Freedom as a Producer 

I personally enjoy nearly maximal freedom as to how I earn 
my living. I am paid to devote myself to a certain branch of 
science. I give a frw lecture, and conduct research on pro- 
blems wHch interest me. I have no fixed hours of work, ami 
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Besides 

diis I earn some money by wriang. But I do not have to 
support opinioQs of which I disapprove in order to earn my 
Hving. In fiu:t I combine a de^t remuneration with hee 
chc^e. A few other intellectual workos are equally for- 
tunate, but this number is rapidly diminishing, at least in 
Western Europe. How fow paid manual or administrative 
workers enjoy this kind of freedom is shown by the universal 
demand for recreation, i.e. an alternative to work and to purely 
cultural activities, such as listening to good music; and by the 
fret that many people actually look forward to retiring from 
their work. 

On the technological level, freedom of production is being 
rapidly strangled by die abuse of patent laws by monopolists. 
In many industries the small firm is hopelessly handicapped for 
this reason, quite apart from underselnng and other aedvides 
of trusts. 

Freedom as a producer means, in pardcular, freedom to 
choose your occupation, freedom to regulate its details, and 
unless the occupadon is pleasurable, short hours of work and 
long holidays. Where there is widespread unemployment 
there can be no freedom of choice. A man with a job holds it 
like a bulldog, and does not try a number until he gets one to his 
liking. Under capitalism the workers have litde opportunity 
of controlling their condidons of labour, though trade unions 
can accompmh something, and as a voter the worker may be 
able to help himself in a very indirect way. Where, as in 
Germany, neither method is available, illegal strike aefion may 
sdll have some efrect. But direct control, as on a Soviet 
coUeedve farm, or to a less extent in a Soviet factory, is only 
possible under Socialism or with peasant-proprietorship, which 
is* however so inefficient economically as to restrict freedom as, a 
consumer. Since hours and holidays are sadsfitetory in the 
Soviet Union, and imemployment does not exist, it appears 
that man is freer as a producer there than elsewhere. Since in 
all capitalist countries the indepmdent producer is being more 
and more compfotely eliminate, the prospects of fi^edom for 
ptoduoos undw capitalism do not seem to be bright. 
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Freedom as a Capitalist 

In Dante’s hell the sins of Sodom and Cahors were punished 
by a shower of slowly faUing flames. But while the fonnec 
class of sinners could escape mem to some extent by nmning, 
the latter, who were usurers, or as we should say, financiers, 
were not allowed this privilege. However, usury is now 
permitted throughout Chmtendom, and this fireedom has been 
an essential conmtion of the immoise technical advances made 
under capitalism. These advances are slowing down because 
finance, which formerly served industry, is now strangling 
it. 

In the Soviet Union the sin of Cahors is punished in this 
world, and so are other activities by which one man appropri- 
ates what, according to Marxist economics, is the value created 
by the labour of others. These activities include not only 
usury, but private trade and the employment of others for 
profit. The extreme form of the latter kind of exploitation, 
namely slavery, is of course almost universally illegal The 
anti-Sodalist claims that a very vital kind of fireedom has been 
suppressed. The Socialist retorts that this kind of fireedom, 
like fireedom to drive on the wrong side of the road, is in- 
compatible with the fullest technical progress, and that those 
natural powers which are developed in the capitalist can be 
used imder Socialism in administrative posts. Outside the 
Soviet Union fireedom of trade and investment is at present 
being eflectively strangled in most belligerent and some 
neutral countries, except for those very mge corporsuions 
which to a considerable extent control the states. It is hard to 
say where the capitalist is fireest I should hazard a guess that 
Argentina stood somewhere near the opposite pole firom the 
U.S.S.R. 

Sexual Freedom’^ 

The minimum amount of fir^dom compatible with the 
reproduction of the race was enjoyed in Paraguay, where the 

1 I have deliberatdy passed over ^ bewildeting vatie^ of sexual 
freedoms and bond^es auua^ primitive peoples. 
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Jesuits married off dieir Eidian subjects widiout aUowiu^ a 
choice of ^uses. Mattia^ between di&rent groups of the 
pc^ularion may be illegal, as in Germany and South Afiica; it 
may lead to loss of employment, as when officers in the British 
Guards “marry beneam mem”; or it may merely meet with 
social disapproval. Divorce and re-marriage are permitted in 
most Countries, though not, for example, in Italy. 

Extra-marital intercourse is rarely a crime, provided the 
parties are of a certain age. However, adultery is liable to 
severe punishment in India. And prostitution is criminal in 
many countries, though only in the Soviet JJnion is the man 
concerned punished more severely than the woman. Inter- 
course between two males is generally criminal (though not in 
Denmark) while that of women is rarely so. There is an 
equally bewildering variety in the customary limitations to 
sexual activity. In some circles within the same country 
monogamy is rigid, in others people normally “live in 
sm”. 

Almost everyone will agree that complete sexual freedom 
(which I suppose would include freedom of rape) is undesir- 
able. Dante and I (to mention no others) would say die same 
of complete economic freedom. As regards legal sexual 
freedom Denmark probably heads the list of civilized states, 
while Eire ranks very low both as regards legal and customary 
freedom. The high cultural level, and the rarity of prostitu- 
tion, in Denmark seem to show that such freedom may be 
harmless. . 

The main economic ban to sexual freedom are unemploy- 
ment and gross disparity of income. Both of these may lead 
a woman to cohabit (vriiether in or out of wedlock) with a 
man whom she does not love, but whose income is more 
secure or larger than her own would be were she independent. 
It may rimiwly, but more rarely, induce a man to marry a 
woman for her money, or to live with her. This kind of 
check on freedom is probably most pronounced in the “Latin” 
narioqs and lease so in the U.S.S.R. 

A discussion of psycholomcal checks awaits the devriopment 
of a comparative analyticaT psychology. 
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Freedom to Communicate Ideas and Statements 

This field of fireedom inckides fireedom of speech, postage, 
and press. Technologically it depends on die inventions of 
writing, printing, telegraphy, ramo, and so on, and cm the 
development of arts such as poetry, drama, and cinemato- 
graphy. Incitements to certain crimes, and grossly indecent 
speech, writing, and art, are everywhere illegu. Further, one 
or more of the technical means of communication may be a 
monopoly of the state or of big business. Thus radio is 
directly controlled by the state almost everywhere in Europe, 
but not in the U.S.A. On the other hwd the U.S. film 
industry is probably more trustified than those of some 
European nations. 

The legal restraints may be by civil or criminal law. State 
prosecutions of men for speeches and writings are rather rare 
in England, though a Mr. Gott has several times been im- 
prisoned for rude remarks about God, and ten years ago 
Communist speakers and writers were constandy being im- 
prisoned. If Britain follows the example of France, this 
condition is likely to recur. But as compared with many 
countries Englishmen have a wide liberty of propaganda on 
general matters. For example in Germany the state forbids 
public statements in favour of racial equality, in the Soviet 
Union against it. In England both are permitted, provided 
that one does not say that the Germans are superior to other 
races. 

In law there is extremely litde fixedom of political dis- 
cussion in England. Sedition is defined as a word, deed, or 
writing calculated to disturb the tranquillity of the state, and 
lead ignorant persons to subvert the govonment and laws. 
In act^ practice you can say a great deal in ordinary times, 
and print a great deal if you can get a printer. But in times of 
political tension die law may be oifori^ against the opponents 
of the government. Not of course against the opponoits of 
the kii^. In 1936 the Daily Worker, dhe Communist party 
organ, was alone among daily papers in suggesting that Edward 
VM might consult his own wishes r^aidii^ his mmiage. 
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Hie lUKiouEtetfiy nditious and possibly tteasotiaHe activities 
of tbe leadas ox tbe Ckinsfexvative party and the Church of 
Bt^lland which led to that monarch s abdication were not, of 
course, intor&red with. 

In the Soviet Union the position is the opposite. Legally 
there is £urly complete freedom of speech. And actually mere 
is a good deaL I have heard a man say that he could not see 
mu^ difrerence between Stalin and Nicholas. A member of 
an inq>ortant Soviet merely replied that there was quite a big 
difretence. But on the wnole custom is more stringent than 
law; so that there is somewhat less verbal criticism of the 
government than in England, Jthough much more than in 
Germany or Italy, and perhaps more than in France. On the 
other hand die pre&s has, in praedee, less freedom in polidcal 
matters than in Britain, though more than is often believed. 
In fret in Europe a press consistendy opposing the government 
is only foimd in Britain, Switzerland, Belgium, Holland, and 
the Scandinavian countries. In Switzerland, Holland, and 
Belgium, this liberty is largely restricted. Thus among 
European nadons, Britain enjoys considerable press freedom in 
polidcal matters. 

On the other hand English dvil law makes any statement 
which could affect the frt^dal interests of a well-to-do man 
very dangerous. For example a firm recendy circulated a 
leaflet to me eflect that I habitually used a medicine which they 
sell. I have never even seen it. I was told that the statement 
was not a libel on me. I attempted to deny it in the press, and 
even to suggest that the firm had in some measure departed 
from the strictest canons of morality in using my name. 
This suggesdon was held to be probably Ubeuous, and no 
journal would publish it for fear of an acdon. Finally one 
medical jourml has consented to publish a bare denial, without 
any comment. 

Similarly it is extremely dangerous to make any attack on the 
character of a rich man in public life. In consequence th^ is 
an mdrely erroneous imptesdon in many quarters that British 
polidcs are less corrupt than those of France or the U.S.A. 
Actem|its have been made to start consumers’ research in 
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Btitam, aS in die U.S.A. But die W of Hbd pirvents dm 
Hence diere has been a considerable deterioration in d» 
quality of some British manu&ctuted goods in recent years 
TOm the high standards of the 19th century. 

To my nund the correct law would be furly simple. Either 
statements of a general character about ' commomties, made 
without any evid^ce being adduced in their support, such as 
“Guinness is good for you’, should be illegal. Or better, it 
should be le^ to maJke such statements, and also equally 
unsupported statements, such as “Bass is bad for you and 
Worthington is worse”.' At present, in commercial matters 
one can only praise, and not blame. Given the further &ct 
that advertisers exercise a very strong influence over the poHcy 
of newspapers, so that in practice numbers of advertisements 
appear in the news columns, it will be seen that there is very 
htue flreedom of criticism in commercial matters. 

This kind of criticism appears to be highly developed in the 
Soviet Union, particularly in such journals as Krokoiil and 
Vechermya Moskva. And indeed it is a necessity if Socialism is 
to be successful, since such criticism is an eflective alternative to 
competition for sales between diflerent firms, as a means for 
keeping up the quality of goods. 

The freedom of the press is both legally and economically 
hmited. In most countries Hbel, whemer seditious or not, is 
more severely pimished than slander. Everywhere techno- 
logical progress is tending to improve the position of the big 
di^y newspaper with a circulation covering a radius of 250 
miles or so fi:om its press, as against the sm^ paper. H^ce 
large capital is needed to start a daily newspaper, and wholesale 
distributive organizations cJui be used, and are used in England, 
to boycott any newspaper which criticizes the government too 
severely. In practice this method, and the iwuence of ad- 
vertisers, means that in capitalist countries the circulation of 
Socialist journals is very small compared with the number 
of Sodahsts, even where such journals are legal. In file 
Soviet Union any attempt to start an opposition journal 

^ 1 I wish Co make it perfidy dear chat X make no soggettion as to die 
tmdi or falsity of these statemoits. 
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would {oobably meet wkh pzactical rather than legal SSar 
culdes. 

The. position as r^ards puldicadon of books is roughly 
parallel to diat of the press. In Britain the law of libel ri the 
main check. I have personally been prevented from criticizing 
fraudulent claims made for foods and drt^, from suggesting 
that certain docton were incompetent, and from exposing pro- 
Nazi activities of British Conservative politicians and writers. 
The ban on indecency makes a sdendfrc discussion of certain 
branches of human physiology rather difficult. But it is not a 
serious difficulty. On the odier hand it is extremely severe in 
Eire, and used with great effiect. Books published in Britain 
which arc ppliticaUy offensive to the government have long 
been prevented from entering certain parts of the Empire, and 
since the war their export to neutral countries has ^o been 
stopped. However, as regards book publication Britain is 
incomparably freer than most European states. 

Other mediods of disseminating opinion, such as the drama, 
are often subject to censorship. Ths is so in Britain. At the 
present moment for example, the censor, though he allows a 
measure of anti-war propaganda on the stage, forbids all 
reference to the Ijelp rendered to Hitler by members of the 
British Government in the years before the present war. On 
the other hand the censorship of indecent passages has been 
gready relaxed of recent years, and almost ^ portions of the 
female body are now legally visible on the London stage. 
This is doubdess a gain of Hberty for spectators, but hardly for 
girls who lose their jobs if they try to exercise the liberty to 
keep their clothes on. There is also a censorship of films in 
most countries. These forms of censorship are strongly 
supported by the Catholic Church, although of late years thu 
b<ray has probably disseminated more indecent (and untrue) 
stories dian any other organizadon, mainly in cotmecdon with 
the Spanish war. As a matter of fret die Republican Govern- 
ment was rather puritanicaL 

The film, censorship is everywhere strongly political. The 
radio is generally a state thonopoly. At one dme the Bridsh 
radio sponsored discussions on political, social, and religious 
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topics, but these wd-e always censored to some extent,* smd 
were finally discontinued. It is now purely an organ df 
government propaganda. The United States radios arc very 
much fireer, though like the press, their general political policy 
is controlled by that of the advertisers. However, Britbh 
listeners are certainly fireer than those of many otter countries. 
They are permitted to listen to the German radio (a fireedom of 
which I have not myself taken advantage for some months), 
while Germans who listen to the British radio are imprisoned. 

)Ve sec then that the Hberty of the press, which was gained 
during the 19th century, has now been lost in most countries, 
pardy by direct government action, pardy by. the use of the 
dvil law, and piurdy by technological advances which have 
favoured centrihzation, and therefore control by Big Business. 
On the other hand the radio and cinema have never achieved 
so great a fireedom as the press. 

It is probable that the highest degree of fireedom of communi- 
cation of ideas exists in Denmark and certain of the United 
States, notably New York State, while the lowest d^ee is to 
be found in Germany, Italy and Japan. This kind of freedom 
is a very important one, but intellectuals are apt to speak and 
write as if it were the only kind. Actually an intelligent but 
reactionary government will allow a large measure of fireedom 
of press and speech, being well aware of the fact that dis- 
contented people can “blow off steam” by this means without 
causing any serious disturbance, particularly in countries such 
as Britain wi^ a long tradidon of fidrly free discussion. This 
is all the more the case if they can control the radio, the films, 
and the more widely circulated newspapers. For this reason 
fireedom of speech and press, though correlated with political 
freedom, is not synonymous with it. 

I have not yet mentioned the internal barriers to freedom of 
expression. And yet they are of profound importance, Some 
of us are no doubt congenitally incapable of original expression 
in words, music, photography, or any other art form. But 
most psychologists, and most ordinary people who have had 
sympathetic dealing^ with children, b^eve that the minority 

I See p. 34. 
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of human beings amid make some real a^ntribution to culture 
if were pot in the right mvironment. For some reason 
or other 

Shades of the prison-house begin to close 
About the growing boy. 

This is often doe to economic causes. In the case of many a 
mute ii^orious Milton, the poet says that 

Chill penury repressed their noble rage 
And rioze the genial current of their soul. 

But as the rich and the moderately weU-to-<lo are almost as 
dumb as the poor, diis is not the whole story. Probably 
most people could express themselves best in some communu 
activity such as symphonic music, drama, or dance. “Civilr 
ized” society is well organized for mass production of com- 
modities and for mass consumption of standardized cultural 
commodities such as “best sellers”, cinema films, and gramo- 
phone records. But it is far less organized than most primitive 
societies for collective artistic activity. Possibly the Soviet 
Union may be leading the way here. My own opinion is that 
the prospects for artistic activity are probably brightest ih 
China, where art has never been thoroughly conunercialized, 
and when peace and security are restored me natural artistic 
ability of the people will find a new scope. And the genuine 
respect of die Chmese for intellectual activity may make China 
in the future, as it has more than once been in the past, the 
inteUectual’s paradise. 


Political Freedom 

On no aspect of fireedom is there more confusion than on 
that of political fireedom. It is sometimes taken to mean 
government by natives of one’s own country, rather than 
toeignecs. Yet there is more political fireedom (though not 
very much) in a province of British India such as Bengu than 
in a “native state” with an absolute rtder, such as Haidarabad 
oj: Nepal It is also regarded as synonymous with demcxxacy. 
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and tlie latter with Parliamentaty Govenui^t, though tiu 
Creeks who invented die. word democracy (whidi meant 
government of the peopk, by the people, for dw people, who 
did not however include women or slaves) had no parUaments. 
Finally it is taken to mean the right of stating opinions cm 
political matters. 

Nowhere in the world do these conditions eidst in their 
entirety. The first type is only possible, in practice, for power- 
ful nations. The members of smaller nations may easily find 
themselves in the position of citizens of Iraq, Esthonia, or 
Cuba, and this possibility increases with the clevelopment of 
transport. Actually they are better off as members of a larger 
aggregate in which they enjoy a measure of cultural autonomy 
and equality of citizenship. It is useless for Welshmen or 
Georgians to say that they are oppressed by English or 
Russians, when Lloyd George, a Welshman, was chosen to 
rule England in a critical hour, while Stalin, a Georgian, is the 
most important man in the Soviet Union. It may be that 
Welshmen would be freer if Wales enjoyed as mpeh autonomy 
as Georgia, but actually the Welsh nationalist movement is not 
very strong. Where there is not equality of this kind, 
nationalist movements certainly make for increased freedom. 
This was, I think, the case in Eire, and is so in India. On the 
other hand the nationalist movement of the Sudeten Germans, 
which brought them under Hider, diminished dicir freedom. 

The second type of political freedom is claimed for all kinds 
of pohdcal systems. Even the Nans claim that they enjoy 
“true” freedom, because Hider expresses the pohdcal ideals of 
every true German. If so there must be a lot of untrue 
Germans. Now in the past there have been two main types 
of democratic government, namely the Greco-Roman and 
American types. In the former all citizens met together 
frequendy, listened to orators, and voted for or against laws. 
In the latter (hey elect representatives at rare intervals, and 
these latter legislate. I call this system American rather thafr 
English, because whm Atiierica became a democr(K:y, the 
English Parliament was still elected on a very restiicted 
firaiuhise. 
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The obvious advantage of the first system is that the dtiiens 
decide matters direcdy concerning them, and of which they 
have immediate knowledge. Its msadvantages ar6, ficsdy, that 
voting is public and intinudation therefore possible, and that 
while wm ad^ted fisr the government of a small dty, it is 
impracticable for a state, let done an empire. It was largely 
for the latter reason that' it broke down when Rome acquired 
an empire, 

The American or representative type is adapted for a large 
state, but has the disadvant^ that representatives can and do 
break their election pledges, that the people can only vote at 
rare intervak, and mat in practice they only have a choice 
between reprfesentatives of a few organizations (e.g. the two 
great American parties) whose polides are firamed in secret 
by a small number of men. In the Soviet Union an attempt 
has been made to combine these two types of democratic 
mechanism. The village soviet has the advantages and dis- 
advantages of a Greek assembly, whilst the supreme soviet 
corresponds tQ the American congress. 

In meory this is an ideal system, but it is claimed that in 
practice all power is in the hands of the Communist party and 
its sympathisers. In practice, however, parliaments are also 
controlled firom outside. In 1921 when Mr. Lloyd George, 
then Prime Minister of Britain, was displaying a certain radical- 
ism in his financial policy, the Financial Times asked, “Does he 
and do his colleagues realize that half a dozen men at the top 
of the big five banks could upset the whole fabric of govern- 
ment finance by refidning from. renewing Treasury Bills?” 
Certainly the Labour party realized this ten years later. “Up- 
setting me whole fabric of government finance” is not, of 
course, sedition! 

In practice then the political liberty in a parliamentary 
democracy is largely at (he mercy of Big Business. But not 
wholly so. Enough parliaments have atmoyed Big Business 
to rei^r it necessary to suppress parliamentary government 
over much of Euro^ And not only in Europe. New- 
fisundland was tinabte to ray its ddits to Britain. In c<m- 
sequence “the mother of pamaments” began to eat her children. 
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and New&Mwdlanid is now gowraed by o&MiL U 

wifl be remembered that wbm Btitam re&sed to pa^ its 4(^ 
to America (be Britidi Pariiammt wai replaced by im Amadem 
govemor-getieral ! 

The plain &ct is that over most of the world such. pai£a> 
mmis as survive are at least as subsovient to Big Bunness as is 
the sujwem^ soviet in Moscow to the Communist ■ party/ 
And even the most violent opponents of Communism wnl 
hardly claim that big business is democratic. Nowhere in the 
world is there political Hberty as feifmon conceived it, and as 
it actually existed in the days before monopoly capitalism 
developeiL There is still a foir amotmt in -parts of nordi- 
westem Europe, the Soviet Union, the United States, the 
British Dominions, and some Latin American republics. On 
the whole it seems to be on the upgrade in (he Soviet Uhkm, 
China, and (with intermissions) in India, but stationary or on 
the downgrade elsewhere. 

So long as the present class struck goes cm we cannot Icxdc 
for any great measure of poHtical fo^om even in the intervals 
between wars. Only a classless society which does not foel 
itself menaced either from within or withom is likdy to develop 
a complete political heedom in which discussion is both legally 
and economically &ee, and consdtudcmally dected govern- 
ments are not overthrown by die violoice or, economic 
pressure of minorities. We may look forward to such a day, 
out we must not deceive ourselves into believing that conir 
p^dve foeedom of discussion, pleasant as it may be for 
intellectuals like myself, is synmiymous with foil political 
foeedom. If the newsp^ien^ radio, atui other means of large- 
scale props^anda are m^tnly contrdled direcdy or indirecmy 
by Big Business, there is only rarely need for the forcible 
suppression^ of opposition. But the posnbility of such sup- 
premon is always in the bacl^ound. Undo: the Emergency 
Powers Act of 2939 any Btitidi chiasen can be impriacau^ 
without trial fc« an indemiite period and any newspsper can b^, 
stmpressed without k^al process. It will be very suipidsiiig 
inwed if this acth nm mnd m strangleoEMSstituttonal OpposttioBL’ 
s k was so used vdwa die DtSy Woiim m»mffeemeAim}mxiimY 

Q 
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ht En^Und todiy poMod freedom bas, dejm, no exislmce 
*at afi, wm if defiOo a good deal xetoains. 

But if speodi it ttiE d^eackally free (caccept udim it is 
Hbdloiis, Uasphanous, obscsne, seditious, or insulting), das 
b becjuue is an dbsolete method of prc^sgaada com- 
pared with radio and the press, and if <mr oli^at^ control 
the latter they can afSard to allow a rather moderate liberty 
ofthefbtm^. 

I Religious Liberty 

We saw at an earlier stage diat rel^ous liberty embraces a 
very wide field. In the sense of fiieedom to propagate rdigious 
and irreligious opinicms and to perform rites which are not 
held to be crud or indecent, it is ^ly widespread. However, 
it is rarely complete. For exan^le a conscript in Britain must 
register as a member of some Christian sect, or as a Jew, for 
the purpose of burial. Being neitha a Christian nor a Jew, 
I exploited the small amount of Hberty available to me as a 
soldier in 1914-18 by registering as an adherent of several 
difierent branches of Christianity, and of Judaism, on difierent 
occasions. Adults are not compelled to attend reUgious 
ceremonies, though they are hard to avoid in the army. But 
children can be and are compelled to do so in most countries, 
whilst in the Soviet Union I undentand that organized 
religious instruction of children is forbidden. Thus in practice 
teligioas liberty is often Hire that of Germany after the Re- 
formation, whoi each petty ruler was fi%e to persecute his 
sul^ects if drey dissgneed vtrith his theologi<m opinions. 
Every British fiither is a ptincehng who can beat his children if 
they do not go to the church of which he approves, or go to 
one which he does not. 

Rd^ious fie^om is seriously compromised where religion 
involves ritual food or rest It is very difficult for an orthcMOX 
Jew to rat cm Saturday in England, though an ordiodcnc 
Christian can now test on Stmday in Rustia unless he is em- 
ployed in one of comparativdy aw occupations. . in fiux fisU 
re^om fooedom is impos^Ue in an integrated community. 
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simplf becanse many cam only be practnMd m tlwic 

entior^ yrbm dm vast majority of a peo^ hdid diem. 

llie ndiiiimim of religiom fixe^m is fi^tnul in 
Mahommedan countries si^ as A%hanistan, Persia, and pants 
of Ardjia, and in Spain. ' It is ramec low ydlete dia« bas 
recently been a violmt reaoion agaihst relimoos intolerance, 
as in Mexico. It is bdow the maximum wWe any form of 
rd^on <h: irrdigion is associated with, the state, as in Britain, 
Italy, Swetkn, and the Soviet Union. It may also be lowered 
vdiae a rdigion is associated with fordgn h^uence, as is 
Christianity in China. The Chinese, who are on the whole 
very tolerant in religioos matters, have forbidden- mismsiaries 
to attempt conversions to Christianity because such activity is 
thought likely to break up the national unity. 

The highest degree of religious freedom is probably found 
in countries such as France and the United States, where the 
state is formally neutral in religious matters. But complete 
religious liberty is impossible, simply because all religious 
homes are somewhat intolerant when their supporters control 
the government. They may be very intolerant like the 
Catholic Churdi, or very slightly so, like the Society of 
Friends, but they cannot from their mature be completdy 
tolerant. 


Freedom of Women and Children 

The freedom of women has very little to do with the free- 
dom of sexual relations. It is minima l in Mahomihedan 
countries such as Arabia, Perria,> and A%hanistan, where all 
women are veiled, and those of the well-to-do classes are 
imprisoned. The impossibility of romantic love in sudi 
countries is compensated by homosexuality. It is' maximal in 
countries such as the U.S.A. and the Soviet Union whose 
women not only enjoy legal equality with men, but are 
actually appointed to responsible positions such as diat of 
ambas^or. Indeed in foe U.S^A.. women’s rights are perhaps 
over-exs«gerated in cmmection with aHmoay for mvorcm 
wives, vwch enaldes a luimber of women to live an idle. hfo 
V gfcma has p roffc e uei anoe 1 wrote. 
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at tlie ppoiie diea. The saiiie type of male sulyecaioa i$ 
fotmd in a kss Aevdapai &tm in En§^md. Conml^ ]0)eiiy 
and eqoality in this matter can cmly be achieved wnere work is 
availaole for evoy able-bodied ididt. ' 

Children enjoy Utde Idterty where the family is patriarchal 
and their corpom punishment is comnumiy practiaDd. State 
education generally makes for greater liberty for children, who 
often chta^ a valuable politico education by playing oS their 
parents against their teachers. In Britain the cboldren of dhe 
poor are fu freer than those of the rich. A tkh boy can be 
birched on his bare back at Eton up to the Sige of 19, and is 
then sent to a university where he is locked up every night 
imtil he is 23 or so. In fret ruling classes, the world over, are 
cruel to their own children. Tl^ have to be moulded into 
efficient members of the class, and must suffisr in consequence. 
The Hider-Jugend appears to be an attempt to inflict the 
English public school spirit on all the children of an unfbrttmate 
nadem. 

Comjdete freedom for children is impossible, but children 
can, in practice, be given freedom at a very early age if their 
training is directed to teach them the recognition of necessity. 
This means that they must be allowed to see and feel the 
consequences of their own actions, which will inevitably 
include some broken limbs and other injuries. If they are 
neither buflied nor pampered they develop human person- 
alities at a v&y early age, and may be responsible citizens at the 
age of 17. 

It is particulazly difficult to compare diflerent countries as 
regards the freedom of children. Child labour foe lot^ 
Imurs at monotonous work is no doubt a negation of freedom. 
But a boy doing interestii^ paid work for short hours is frx 
freer thtm one in a school learning dull and ofren useless 
lessons. 


Conclusion 

We have ran^ over a number c^^frelds in each of whidi; a 
geeater oar loss d^^ree of freedom is jpostilde. Nowhere have 
we found the problem tingle. Tw is partly because one 
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mm*% fioedom liioiti tlut of anodiBr, so that mole lebdl €€ 
£xedom demand a measure of equalhy. ' If six baakeKi cm 
cmtroi a state, it it tiine dtaet the banjkets had less fieedofi. 
In &ct fbeedmn in a dan mm mram mahdy £reed<m for om 
dass, md dm generally toms oiu to be a poor sort of j&eed<mi. 
In pardcolar, a a rol^ dass is to be effident, its members 
must be sev^ely ccmdidcmed in youth. On the odier hmd 
die overthrow of the dass state Im meant a period of “dk>* 
tatorship of the proletariat” with considdable restrictimis on 
freedom, m the Soviet Union, and would probaldy do so 
elsewhere. 

Three &cts must be kept in mind. Even die freest of men 
has been so conditioned mat he does not even notice the lack 
of some freedom which a man bom in another place or time 
would regard as essential. This is why we are honesdy apt to 
regard our own country as “The land of the free and the home 
ofthe brave”, when we see the restrictions to which foreigners 
submit without a murmur. Curiously enough the foreigners 
often diink the same when they visit our country. An 
intellectual who is making a fdrly good living often regards 
himself as almost absolute^ free. He is freor than many of his 
fellows. But he is only free because his product, whether in 
sdence, art, or literature, happens to find a market. Whm die 
market changes he finds that his freedom may be freedom to 
starve. However, the market is not a natural phenomenon, 
like the weather. It -can be controlled, and although this 
involves some restriction of freedom, more and more people 
are coming to think that it results in a considerable increase of 
freedom on the whole. 

Secondly, freedom is positive as well as negative. Man is a 
social animal, and human fitiedom can only be freedom ip 
society, that is to say freedom to act as a social being. Ihis is a 
hard saying, because itpieans that certain kinds of freedom, fiir 
example tm freedom o£ a landlcml to keep die pjubUc off a 
hundred square miles of mountain, or the freedom of a few 
bankers to overthrow a government, are anti-sodal. But it 
turns out that they are anti-social just because they restrict the 
freedom of others. The Greeks had a word for drc man who 
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oaed liis fiMicnn to tom ]]J$ bade: o& Thewon^wai 

fisedm is not static. It is always &u]ing sew 
fidds. IkjrtompibweatolM^iiniii&gtorecc^li^dliex^tte^ 
animab to fteedom. It is now tiiot^it wrong to dutin up a 
dc^ for lifo. Th<wgh foe anforopomorpiusm of our ideas on 
fois matter can be illustrated by foe case of an eagle wbufo 
recently returned to its ih foe London ZoO after two days 
of miserable liberty. Like everything that grows, ftredom 
negates itself The individual lover of freedom may join an 
organization which limits his own choice. Moreover Iw is 
more l^y to find himself in prison than foe man who always 
takes his cue ftrom the majority. 

And foe same is true on a larger scale. A wax or revolution 
fought for ft:eedom means foe temporary loss of agood deal of 
fieedom. In foe long run the loss is generally more than made 
good. But a sodal change, like a technological advance, 
always means a loss of some former liberty. We must realize 
foat the fireedom of one man may be the bondage of another, 
that foe charter of liberty of one generation may form foe 
drains of its successor. 

1 believe that a comparative study of fireedom on the lines 
which I have indicated would do a great deal both to increase 
the respect between different nations, many of which, if far 
firom ideal, have at least something to teach others in this im- 
portant matter. It would enable us tO see the beams in our 
own eyes before crusading to remove our neighbour’s mote. 
And a historical study would show us the way in which fiee- 
dom has actually developed, and help all lovers of fireedom to 
strive for a real increase of foat great good. The position of 
firtodom in the modem world is so precarious foat its preserva- 
tion and extension require not omy good will, but all foe 
fooug^ which we can devote to it. The problem of freedom 
is not a simple prold em. Now as never before in history 

Ndtte salut d^>aid de ndtre intelligence. 
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Note 

Iliis essay was written during die winter of 1939-4A for a 
coEection of essays edited by Rutb Andien, and entided 
Freedom, its Meaning, published by Harcourt, Brace 8c Co., 
New York. 1 am encouraged to publish it here by the 
criticism wl^ it recrived in an American magazine apparendy 
devoted to justifying Big Business’s ways to man. It is, 
course, out of date. Fr^om has been vastly reduced over 
most of Europe by Hider’s conquests, and inevitably to some 
extent in the United States since they entered the war. But a 
survey of hreedom in 1939 is perhaps more valuable than one 
of fireraom in 1944. I have omy made very minor alteratiom, 
as the whole essay would have to be rewritten to bring it up 
to date. 

But one point has become clear. The Nazis had bought, 
blackmailed, or persuaded numbers of men in every country 
to become their supporters. The only state which was taking 
adequate measures gainst them in 193 S was the Soviet Union. 
These measures, like other measures of naticmal defence, in- 
volved certain restrictions on freedom, which appeared to 
many of its foreign friends to be excessive. They did so to me 
in 1939 when I wrote this essay. I do not now mink that they 
were so. I have no 'doubt that these restrictions will dis- 
appear as the Soviet Union feels itself safer. This is made 
highly probable by the fact that in the Soviet Union alone 
among beUigerent nations there have been very substantial 
increases of freedom during the war. In particular the Ortho- 
dox Church has gained the freedom, not merely to set up its 
own organization, but to found seminaries for the teaching of 
future priests, even though the doctrines tai^ht in them are 
held by die members of ^ Soviet Government to be untrue 
and politically dangerous. This certainly bears out the view 
that needom in the transmission of opinions is strongly on dm 
upgrade in the Soviet Union. 
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bialectical Materialism and Modem Sdenoe 


, L EVERYTHING HAS A HISTORY 

1 1^ dm series of articles I propose to examine die question of 
how &r the sdeadfic disroveries of die generatUMi which has 
dapsed since Lenin wrote Materialism and J^pirio-criticim have 
vetmed the principles of dukcticai matetialinn. These prinr 
cijdes were mrmuuted by Marx, and in ibuch greater detail by 
Engels, and developed by Loiin and Stalin. ‘ mture", wrote 
Engels,' “is the test of dialecdcs”, and dialectical materialism 
can only be accepted if it proves a guide not merely to an under- 
standing of the developm^it of sdoice, but ^o to actual 
scienddc research. 

Its opponents say that it is a dogma to which scientific pub- 
IkatioDS in the Soviet Union must conform, as scientific pub- 
lications in mediaeval Europe had to tonfiirm to the current 
theology. But dialectical materialism does not state the nature 
of matter. “For the sole property of matter,” wrote Lenin,* 
“with the recognition of vmdi materialism is vitafly concamed, 
is the property of being objective reality, of existing outside of 
our cognition.” It states that matter is in a constant state of 
flux, tlut development occurs through a struggle of opposites, 
and so on, but it doti not lay down where in nature such 
struggles are to be ^ound. It merely prompts us to look fmr 
them, and helps us to understand thtm when discovaed. 

A certainnumberof sdentiststodayare idealists, partiy because 
our knowledge of cerebral phyriclogy does not yet permit of a 
detailed theory of mind, but largely because it is abundantly 
clear that matter does not have tne properties which were 
ascribed to it a gaietatimi ago by th^ majot^ of scientists, 
though not, of course, by didectical matenudists. Hence the 
idealists comdiide that matter does not exist* This condnsioa 
is, of course, very welcome in reactionary drdes. matter is 
defined as consisting ofindestrpctiMe atoms it certainlydocsnof 
t An^Didil/kg," » ifUtridbm and 

*35 
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exist But tlurtjMiieee years ago Leniu wrote: 'Hie tec(^- 
nitiou of immuta^k dmeuts, of tiie irhinutabk substance of 
thk^ is not nuueriafism, but is metaj^xysical, antt»<iialeetical 
materialism.” We shaH see Wbat has happened to the suppos- 
^y'immutaUb atoms of igth-coituiy sdeuce. ' 

Afier Mendeleyev had formulated me periodic law, chen^ts 
gpraduj^ discoveml new e^nents, imm today all but one of 
dm ninety-two ekments between and including hydrogen, dm 
%hiest, and uranium, the heaviest, are known, and one or two 
bmvier than uranium are soq>ected. Aston found that diese 
dements are mixturd of atoms of slighdy difident weights, 
hi foct diere are not ninety^wo, but sevend hundred kinm of 
stabk (or more accurately nearly stabk) atom, each atom con- 
sisting of a heavy nudeus round vdikh &om one to ninety-two 
much lighter eldtrons revolve. Rutherford showed that some 
naturally occurring atomic nudei are unstabk, and break down 
to yidd lighter types of atom. But till recendy these could 
be regarded as «oeptions. In the last ten years, however, most 
of the dements have been bombarded with particles of high 
Vdodty, produced dther by naturally radio-active substances or 
by die very intense electric fields, ranging to millions of volts, 
whidi modem developments of electrical industry have made 
p6ssible. Such bombardments produce new types of unstabk 
atomic nucleus. These are beine discovered at such a rate that 
already probably more difierent ^ds of unstable than of stabk 
atom are known. The atoms of ordinary chemistry are only 
the survivors of a mudi greater number of less stable types, and 
even d^ stablest of them can be altered, and are constandy 
being altered, by cosmic radiation and other agents, though 
extremdiy slowly on our earth. But such processes must to 
reladvdy rapid -in the interior of the sun aim otho: stars, and 
act as the main source of their light and heat. 

An atomic nucleus may be comidered as built up of lighter 
pardcks such as protons, neutrons, and electrons. These par- 
ticks can be studied, and their properties determined; and 
j^ysktsts naturally tended to reg^d mem as “immutable 'de- 
ments" once the atom had provto not to be immuudik. But 
they soon ^oved not to be aupnotabk eidier. Eof exampk. 



BVERYTfimjG HAS A HISTORY *J7 
dierc an dbcorom as ta nfifaMw 

They do not last king, for wiira a ponthre and iMg$itivete^eo(S:<sa 
colHde, they pass over into a flash of high frequency radialfon.- 
And nnder certam ctrcumstsHices radiatitm may generate a pair 
of dectrcms of mipcmto charges. *‘Contra^ to metapfayskn,” 
wrote Stalin,* “dialectics holds diat nature is not a state of zest 
and immol^ty, stagnation and immutability, but a stale 
continuous movement and chai^, of contanuous renewal and 
development, where Sontothii^ is always atinng and devdop- 
- ing, and something always dmbtegradng and dying away.” 
Tcm view is completely borne out by modem physics, pro- 
vided we realize mat there is an immense raag^ of diflFarsnt 
staHlities. The most transitory known objects, sudi as the 
particle called the meson, have an esmectation of life of less 
than a millionth of a second. The staolest, such as the nuclei 
of ordinary atoms under terrestrial, though not solar, c<mdi- 
tuHis, have an expectation of many thousand nuUion years. 

It may be answered that at least the laws of nature are stable, 
and that here at any rate immutabilky can be frnmd. If so it is 
frirly clear that the universe is “running down”, as Clausius 
believed, towards a condition of "heat de«h” in which the 
heat is evenly distributed, and that it cannot have existed for 
ever in the past. Thus a creation, or at any cate some breach 
of natural law in the past, must be postulate; and we ate bade 
at essentially the Newtonian theology, where the creator 
established eternal laws and leaves the universe to work out its 
own destiny. This frts in very well with the ideolt^ of a 
bourgeoisie which realizes that there was a pre-capitalist pmod, 
but believes that the laws of capitalist economics are etmiai 

Eimels did not completely es^pe from this difficulty. He 
saw thermodynamics, as fonmilated in his day, was sdf- 
contradictory, for die |aw8 dien givm could not have held fr>r 
ever. So he speculatod comxtning a bmUmg up of die lost 
heat of the stats into moi^ somewhere in foe dej^hs of sj^ace, 
which would allow die oc^ of new solar systems when 
otnr own has become cokL ,Ihiis etemity would be frOed by 
cydesofmoreorksssimflareveiits,aadtlieiBnvcirseasawhde ^ 
1 ifiUMy 
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WQc^ halv ao histcMty, bwg of tlu same genml duncmr as 
at fmda^ a mU&Sa a^tm yean in ilie fiiture or die past 

Bat some modem midiematical physicists, noodjly lema^, 
Dkic, and Milne^ take a di^eot view, acc<Mrdii^ to which 
laws of nai^ change, and tiw general character of & univncse 
thiKefore alters, though, of course, very dowly. Milne’s 
cosmolc^ is ihe most fiiUy devdoped of these, atm the most 
dialectic^ Our sun is one star out of perhaps a million million 
inasystemwhosedmsestparts weseeastheMilky Way. We 
shafl deal with the devoopment of stars in a later article. 
Hundreds of thoui^ds of other galaxies are known. The 
more distant they are the redder their light. This may be 
interpreted as due to their moving away, or to the speeditm up 
of atomic events, so that %ht which started a hundred miflion 
years ^o is of lower, frequency, and therefore redder, than 
Hght which starts from sinmar atoms today. Each interpreta- 
tion demands a diffrrent time scale and a different geometry. 
On the scattering or “expanding universe” interpretation light 
frequencies and rates of chemical change are constant. But 
everything, including material objects, is expanding by about 
one two-mousand imllionth part per year; and two thousand 
million years ago all matter was packed into an indefrnitely 
small volume, and ordinary physicu events, such as the rotation 
of the earth, took place in an indefinitely short time. On the 
other interpretation there is no expansion, and no slowing 
down of physical events. However «ometry is not Euclidean. 
The two interpretations are not di^ent theories of the uni- 
verse, but dif5»mt systems of measurement. For they lead to 
just die same predictions, though Stated in di^rent words, and 
there is no way of deciding btiween them. The latter is by 
fiir the more natural, as it mkes ordinary standards, such as the 
metre and the year, as constant, or very nearly so. 

On this interpretation the past and the fiiture are infinite, but 
in the remmie past, say fifteen hundred million years %o, 
dbwmkal j^ocesses were so slow rdative to physical that me 
as we know it Was impostible, and the sun and other stars 
ptobdbW produced Ims neat thm today, udjile in the remote 
Wore clinical processes will be so tdidvdy speeded up as to 
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reader !i£! sdE possible evm if there is a masked EdI itt fite- 
peratore. Milne points out that diis developi3iient» dik 
qaaMtadve change m the nature of thin«, is due to the coaci»* 
mcdmis between the tune scale <» w£^ radiation proceeds 
evenly, and diat on which the movemmt of masses is an even 
process. No doubt this is not a final account of the a^:^. 
Milne’s theory accords with Einstein’s special theory of 
relativity, but not with his later general thet^, some features 
of which have been verified by observation. Probably later 
workers will be able to combine the usefiil features of both 
Milne’s and Einstein’s theories. It is of great interest to find 
that a natural philosopher who is probably almost uninfluenced 
by Marxism should ascribe the qualitative devdopment of the 
universe to the struggle between ‘the wave-like and particle- 
like characteristics wmch are present in all matter. To this 
unity of opposites we shall turn in the next article. 


II. THE UNITY OF OPPOSITES' 

In the physical theories of the 19th century the constituents 
of the world were raher sharply divided into two groups. 
On the one hand were particles sum as chemical atoms, on ^ 
other the field between them, or ether, which was the carrier 
of waves of radiation, induding light, radiant heat, and radio 
waves. The term “matter” was ofi^ reserved for the particles, 
even after it had been found that radiation has mass. 

In the 20th century this distincticHi bredee down. It was 
found that under certain carcumstances radiation, including 
light and X-rays, was not absorbed cX)ntinuously, but in definite 
units, or quanta. The amount of energy'-in a quantum is quite 
indepmdent of intensity of the radiation, but proportion^ 
to its firequmey. Ihus li^t bduves both as if it woe com^ 
posed of waves, smd also as if it were composed of partudes,, 
dm parthdes contarangmoit energy in blue than m red hgltt, 
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and £ur oiore Stitt m 3&«ays.>^ The to xoatter Waom 

when was found t» hae^ Mwi^t as wdl « 
mass. Inat is to say it does not mendy pads an object which 
absorbs or reflects it, Imt is bent out of its by a h^vy body, 

as the Broidh tevtfluttonary Marat had beloved, oa quite 
erroneous i^ounds. The deflection predicted by Einstdn and 
found by fiddington was much snudkr than what Marat 
bdieved he had discovered. 

Stitt more starding was the discovery that ordinary. maUer 
and electrons have wave-hke properti^. These are aheady of 
pacticai importance in connection with the electron micro- 
scope. Hiis is used for examining objects too small to be 
vitiole by ordinary or even ultra-violet Ught For example, it 
has diown that the grains in a devdop^ photographic film 
have a complicated structure like that of a tangle of string. A 
beam of electrons is ibcussed by a combination of electric and 
magnetic fields which take the place of the lenses of an ordinary 
microscope. Such a beam behaves in many respects like a 
beam of light, provided the speeds of the electrons in it are 
uniform. It forms interference patterns with a suitable grating. 
And the wave-length of the electrons in the beam makes it 
impossible to photograph objects mudi smaller than this 
length, just as in the case of light. The firequency of vibration 
associated with an electron is constant, so the wave-length is 
inversely as the speed of the beam of electrons. Atomic 
nudei have similar wavo>like properties. ' 

The union, both in matter and light, of these wave-like and 
partide-lttce properties, allows the development of an extra- 
cvdinaty degree of compktdty even in systems such as a single 
atom, built up of very ^ constitoente. Thus a hydro^ 
atom consists of two particaes only, yet it can emit a spectrum 
in whidi mcne finquendes have been measured man the 
nUmho: of notes in a grand piano. The branch of physics 
which deak widb diese properties is called quantum mechanics, 
and sni^t well be cattro dialectical medbanics. ik>r, aat least 
as at present jEbrmiflated, k ascribes both to tudinary matter 
.and to radiation prc^ie^ies wMch comnuHi sense reg^ds as 
kxectmdlaifle. thii oontradktim attows of extrandy 
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acxaiartp <3f ^parties of 

be measuted. - 

So mudh £ac small ^eces of matter. Lee os pass to plmflK 
nae&a on a htget scak. Consider, from the diaasical poiae of 
view, an organism imdb as an adult man or insect, wbi^ fr not 
growing or dimimshing rapidly. Its intake and oo^t -of 
matter oadance preUy exactly. But so do diose of a steam 
engine or an intomal combustion engine. Tbe organism obeys 
die same laws as die engine as regards energy, but it difSsrs in 
some fundamental respects, of which I only mention one. lii 
the machine some parts last more or less undiai^ed duoag^i 
its "Hfe”; others, such as washers, are occasionwy nplaced;- 
whilst the lubricating oil is replaced still ofrener, and the coal 
or pefrol continually. In an adult animal it has long been 
known that the sofr parts were constandy beii^ renewed, 
proteins and other organic consdtuents being built up from the 
tood, and then brol^ down and excreted. Howevor, one 
would expect that at least the hard parts, such as bone, would be 
stable like the hard parts of a machine. Hevesy frd adult rats 
with sodium phosphate containing some ardfrcially made 
radio-active phosphorus atoms.' ' He found that after a frw 
days some of the^ were present in the soHd matoial of dm 
bones. Growth had ceased, but exchange had not. Hms the 
living substance is a unity of anabolism, or buildii^ up, and 
cataTOlism, or breaking down of chemical compounds, and 
this even appHes to dm bones. The end of tto unity of 
opposites is death. Once an animal is dead, it is po^Ue 
to preserve it, and dm atoms in its tissues mosdy stay put frir 
centuries. 

If either tmdency h carried too frr, the unity is destroyed, 
A man may die of a disease like cancer, whore too much 
material is built up in certain parts, or of a wastmg disease stx^ 
as diab^es, where not eiiougb is built im. But all dm manifrdd 
developments of Hfr may be r^arded as produces of this 
sttu^k 

The stru^^le is very obvious within a commonity of ^ants 
and animals, or bioomnosis. All members of it, exceM pjstftCl 
^genecally g^een) vdikh live by f^tosynthesis, *ahd 

'R 
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phytic hacteda aai4 the; Bice, 'whidi Eve aa dead (xgaidnm ix , 
excreta, live by killii^; or ii^tiring othor members. Aii4 yet 
drese'watrmg membm icxm a unity 'whidi can be tq»M by 
alteck^ dm numbers <>f any of dbem. Urns ifwolves eat deer 
whudi eat {dantsv there is a rough eauiHbihim, dioimh numbers 
ndU fioctnalie ovring to good and oad seasons, midemks, and 
80 <m. Ifthe wolves arekilledoffthenmnba^ Oliver increases 
until it is limited by starvatiem. Iliere are somendiat mote 
dear, but mostly halfstarved. Thus in practice some kUliiig 
by beasts of prey is needed to keep the herbivora in health. 
Similady catde eat gtass in a meadow. But they also eat and 
trample down larger plants which would choke-the grass if it 
were not grazed. In nuit an apparendy hostile relation is o6en 
to some extent benefidaL 

The experience of agricultural devdopment in colonial 
countries has shown that the kilhng oflf of certain nemben of a 
community may easily upset the equilibrium by allowing 
another group of member to increase. There are virdent 
fluctuations of numbers which generally at some point involve 
a destructimi of green plants ana impoverishment of the whole 
community like that which occurs in a capitalist trade slump. 
Within the unity of the group of spedes some pairs of species 
tte cm the whole antagonistic, some on the whole co-operative, 
but comjdete ants^onism and complete co-operation are rate. 
There are obvious analogies widi the State, but they must not 
be pushed too &r, if <^y because the duldren or c:apita]ists 
may become efficient workers, and workers may become 
capitalists, whereas many thousands of yean would be needed 
bc^e the lion would “eat straw like the ox”. Still mote 
impentant are the &cts that man is characterized by production, 
K> that human history is determined by economic as wdl as 
faicdc^tcal prcxxsses, and that he can to some extent con* 
sdou^ pmi soewty, and thus ultitnatdy esem from social 
frmns wnkh ate detntnined by internal strugg^. 

Now let us rise still h%her in the scale of m^nitude, to ttais. 
We know mcne than at the first tight woula seon possible 
about the internal constitutiem of some stats at least, necaaie 
die matter in diem is not very densely packed, exc^ petht^ 
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jK ^ centze; and though the temperature is very hi^ duus » 
to say the atQms are moving very &st, their spe^ seem to be 
no mmter than we can obtain in a cydotron. When atomic 
txaw collide at these high speeds tl^y sometimes unite, ai«i 
heat is geo^sued, as in ordinary chemical reacticms, but in 
quantities which are about a million times as large per atom. 
The rate is sitfficient to keep the sun shining at its present rate 
for many thousand million years. But t^ devdopment of 
heat tends to make the stars expand, and the lessens doosity 
means fewer collisions, and therefore a slower heat generation. 
Similarly a decrease of temperature allows the star to contract 
under its own gravity, so that more collisions occur, and 
consequently more heat production. 

In most stars these two t^dendes are in equilibrium over 
short periods. But in one group of large stars, the Cepheid 
variables, they are not.' Tni»e stars piwate, expanding and 
contracting with periods of a week or so, and corresponding 
changes in light intensity. In case it be thought that I am 
dragging in “conflict” in the interests of Marxist theory, I may 
be permitted to <^uote fl:om Gamow’s popular The Birth and 
Death of the Sun: ^‘The pulsations come as the result of a con- 
flict between the nuclear and gravitational energy-producing 
forces in the stellar interior”. And in the long run the equi- 
librium is not stable, in many cases at any rate. Stars undergo 
two types of explosion. One type produces an ordinary nova, 
a so-called new star of which one flashes up in our galaxy every 
few years. This is not really a new star, but a vast increase in 
the light of a previously faint one. The other type, or super- 
nova, is far more brilliant. An explosion of this type occurs in 
our galaxy about once in a thousand yean, and the exploding 
star is visible in broad daylight. Enough super novae have been 
seen in other galaxies to m^he it fltirly clear that the explosion is 
much more intense than the ordinary nova explosion. 

It seems probable that most, if not all stars, explode in one of 
these ways at least once in their “lives”, and then change their 
structure considerably. It also seems that the explosimis are 
not due to collisions or any other external agency, but to the 
internal strt^le between the expansive and' ctmtractang 

sa 
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teodcDcies, which, afio: inilb<His c£ yem 
libriom, prodoccs a quaHtattve feap. , 

Many more cases might be given, notaUy the tmdem 
chnmcal th^ries of toutomerism and restmance energy, 
especially as devdoped by Pauling. But these examp]^ 
sbtxdd be su&deat to show liat recent work is tending to 
vmfy Ldsin's statement as to “the contradictory, mutindly 
exclusive, opposite tendencies in all phoiomena and processes 
of nature”, and the view that die struggle between these 
tendencies is the cause of devdopment. 


IIL QUANTITY AND QUALITY 

The transformation of quantity into quality, and conversdy, 
was r^arded by Marx and Engels as a fundamental dialectical 
process. Marx states one aspect of it very clearly, when 
writii^ of the relation between small savings and capital. 
“Ekre,” we rea^, “as in natural scidice, is verified the correct- 
ness of the law discovered by Hegel in his Logic that merely 
quantitative changes beyond a certain point pass into quali- 
tative difierences. ’ Engels used the phrase to describe four 
slighdy difierent fiicts. The “transformation” could cither be 
an irreversible process actually undergone by a material 
system, as “when the taut rope parts under the pull”, or a 
oiange found as we pass, in uought or perception, along a 
series of things which can exist at the same time, and which 
differ quandtadvdy, such as the chemical dements or the 
paraffin hydrocarbons, which are built up out of difierent 
numbers of the same fimdamental units. He also applied it 
both to gradual reversible dianges such as the mdting of waxes, 
which have no definite mdting point, and to very sharp ones 
sudi as the mdting of ice. Doubtless a suddto transform;uion 
of an object or system ffiows the principle in its sharpest form. 

The medianics of Galileo and Newton wore ba^ <m the 
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diodcm ybetmt in tlie latter, pointed out by Zend atid 
were ignored. Hie dasdcal medbanict could ondain loaiiM; 
sudden changes. For example, it was dear wy a stidc 
soddmly fell wiien ii; was gradually pushed off a table, mi h: 
was hoped that all sudden changes would be explicable in thtt 
sort of way. However, dassicd mechanks have been unable 
to explain such simple phenomena as the breaking of a bar, or 
tbe boiling of a kettle. By explanation I do not, of course, 
mean memy* verbal explanation, but numerical explanation, 
which would enable us to calculate, say, the boiBn^point of 
water from simple properties of hydrogen and oxygai 
atoms. ■ . 

During the present century it has become dear that only 
some of the laws of classical mechanics apply to atoms. They 
apply to large bodies consisting of many billion atoms simply 
b^ause they are statistical consequences of the pooled motion of 
many atoms. This fact was predicted two thousand yean ago 
in Epicurus’ and Lucretius’ doctrine of clindmen, according to 
which atoms showed a less regular behaviour than larger 
bodies. They do this because, imder some drcumstances at 
least, motion is only transferred to or from an atom in definite 
quantities, whereas according to classical mechanics it could be 
transferred continuously. In particular, angtdar momentum, 
or spin, is only transferred in definite units, or quanta, which 
are the same for all atomic events. An atom can exist in a 
number of difierent states, with different spins. And these 
states are qualitatively different. An atom with more than the 
minimum spin is -liable to give out a flash of light It is 
generally more active chemically than one with less spin, and 
so on. .In fact, the transformation, and what is more, die 
abrupt transformation, of quantity into quality is, at least at 
the levd to which modem physicists have penetrated, a fimda-' 
mental property of matter. Many continuous changes do* 
pend on tins sharp type of change, and not the other way 
round. 

The action of the nervous syston, both in sensation and in 
voluntary or reflex action, is based on the same 'principle. 
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Every cell in the nervous or muscular system, and very piob^ 
ably every gland edl, too, has a threshold of esedtability, diat 
is to say a minimum stimulus which is needed before it can do 
anvdiine. 

Further, the activity of a'cdl is seldom graded. A muscle 
fibre contracts with all its available energy, or not at aU. A 
nerve fibre either does nothing,* or transmits a unit impulse 
which is no strot^er, and travels no fikster, if the stimulus 
which starts it is gready increased. Graded activity of an 
organ is possible by altering the number of units, for example 
musde fibres, contracting at any moment, or die frequency 
with which each contracts. In the case of a musde fibre a 
sufficiendy rapid series of stimuH, each of which would cause a 
twitch, lead to a steady contraction. 

On these principles we are beginning to understand some of 
the processes involved in simple sensation. A number of 
sensory nerves end in knobs vrach are sensitive to pressure. 
A very light pressure on such a knob may cause only a single 
impulse to travd along the fibre towards the brain. A 
moderate pressure will cause a series of impulses, at first 
frequent, then slowing down. A greater pressure is translated 
into a more rapid series, also slowing down in the end. The 
same seems to be true for more complicated sense organs. 
Our whole knowledge of the external world, and our whole 
action on it, depend on the numbers of nervous impulses 
going in and out through a few million nerve fibres. These 
impmses are all of the same nature, chemical changes with 
accompanying electrical potentials of a few millivolts. They 
do not seem to differ qualitatively according to whether they 
are destined to cause sensations of sound or warmdi, pain or 
pleasure, or even to bring about secretion or motion. The 
whole qualitative richness of the external world, or of a philo- 
sopher’s or poet’s mind, is transformed into quantity at this 
levd. 

The change back to quaH^ on the way inwards is only partly 
understood. But it depenefi on thresholds Which vary quali- 
tatively as well as quantitative^. Each soisory nerve fibre 
omnects widi a number of cdk in the spinal emrd or brain, 
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6xm wiudi mum filnts ptise. A jbige airaijcr of inmubes 
aniving at oncp akmg fibtet £rom tiie same part, as wbm a 
blow is givm, will exdte the relatively slugg^ cdls oot^ 
cemed in a reflex action such as withdrawing a limb. Even 
strong stimulation of a single end organ in die skin can proln 
ably never start a reflelc, and rarely reaches consciousness'. 
Repeated impulses along one fibre stimulate nerve cells 
wmch do not respond to single stimuli. Simultaneous im- 
pulses firom a number will stimulate cells which do not 
respond to repeated stimuli fiom one fibre, and so on. Thus 
as we travel up the central nervous system towards the cetebr^ 
cortex thenmrous activity comes more and more to represent 
patterns of sdmuH in the external world. And finally in the 
cerebral cortex the relevant patterns correspond to material 
objects, words, and so on, so that we axe direcdy aware of 
these, and not of the series of points of pressure or colour, or 
isolated elements of sound, into which some philosophers have 
tried to analyse our perceptions. 

The transformation of quantity into quality on the way out, 
involved in skilled muscular movement, will perhaps be 
easier to investigate, but has been less studied. This is prob- 
ably because physiologists have so far been under the influence 
of philosophies which regarded sensation as more in^rtant 
than action — as indeed it is for a leisured class. When we 
know in detail how the impulses coming down the arm nerves 
are translated into skilled hand work we shall probably obtain 
many clues to the converse transformation of quantity into 
quality in the brain. 

The transformation of quantity into quality is very clearly 
shown in the course of evolution. Suppose the linear dimen- 
sions of an animal to be increased ten times, but its shape un- 
changed, then its bulk is increased a dbousand times, but its 
surfiue only one hundred times. Thiu if its chemical changes 
go on at the same rate, each area of gut must pass in ten times 
as much food per day, each area of lung or gill ten times.as 
much oxygen, and so on. So the animau will only be able to 
live an active life if the area of the gut is increased by cmling it; 
throwing its surfece into numerous prelections, and so otu 
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Skoilarly die giSs and ku^ muN kfiamie more complex, the 
dipdadoaiiftmbeooiire more efficient, md so OIL M^uXthh 
probably tract to say that the most advanced ammals are 
complicated because they are large, than that they are huge 
because they are complicated. 

Mmy mtae examples might be given, but I will end on a 
personal note. It is often said that Marxism is somewhat of a 
pose in scientists who adopt it, and that it does not influence 
their research. During the 19th century it was found that 
many gases could be liquefied by cold, and Engels, among 
others, predicted that a quantitative change of temperature 
would lead to a sharp quaUtative change of state in all of them. 
This has now been found to be the case. However scientists, 
whether or not they are materialists, were almost all unduly 
n^hanistic. Qualities such as taste or smell are thought to 
be less real than quaatitatively measurable characters such as 
density. Now a gas such as hydrogen sulphide with a strong 
smell, or carbon dioxide with a strong taste, is inodorous and 
tasteless undl it reaches a certain concentration, which is the 
threshold for the human sense organs. The threshold is best 
measured as partial pressure. Hydrogen sulphide is first smelt 
at a pressure of about a millionth of an atmosphere, carbon 
dioxide first tasted at a pressure of about a fifth. It is obvious 
diat a gas such as oxygen, which has no smell or taste whoi 
breathed pure at a pressure of one atmosphere, may yet be 
perceptible at higher pressures. 

It was not, however, obvious to a number of scientists who 
had been at a pressure of six atmospheres, corresponding to 
170 feet of sea water; because they recognized the transforma- 
tion of quantity into quality in special cases, but not as a genoral 
principle, or bdieved in the “lesser reaUty”, to use a sarcastic 
phrase of Lenin’s, of smell and taste as compared with shape and 
rigidity. So I was the first person to taste' oxygen. At six 
retnospheres’ pressure it tastes like rather fiat gingre beer. At 
higher pTttsures it may perhaps develop a smelL Ihis ample 
example shows that die uw of the transfomution of quantity 
into quality is not merely a convenient summary pf a ntsmbre 
of previmisly discoyreed fitets (thoi^ both quantum 
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and llie ditesholds of nerve cells were disooveired a^ 
s’ deadi), bm a Uving and &uitM gtjide to actual scietktific 
discovery. ' 



IV. NEGATION OF THE NEGATION 

The contradictions embodied in a system commonly lead to 
a struggle, -which results in development Where we can 
follow me detail of this struggle, we find that, the formula of 
the negation of the negation often expresses the final phase, 
which leads to the sudden “emergence” of novelty, with 
remarkable accuracy; as in Marx’s description of the transition 
to Socialism, “The expropriators arc e^ropriated”. 

We do not know enough of the detail of how unstable atoms 
or molecules undergo sudden change to say how, if at all, this 
principle applies. But it certainly applies to the fiuniliar irre- 
versible physical changes such as the breaking of a stick or 
metal bar which is overbent, or a rope or rubber band which is 
overstretched. Under no external strains, or slight strains, die 
molecules of a solid are commonly arranged in a system of 
minimum energy (like a stone lying at the bottom of a bowl 
instead of being perched in a less stable position). They may 
be arranged in crystals, as in cast iron, or fibres as in wood. 
Now a strain such as bending or pulling upsets this arrange- 
ment. The stable configuration of molecmes is negated. In 
its early st^es this process is reversible. The solid regains its 
former shape if the force on it is removed. But at a certain 
point the negation is abrupdy n^ated. The solid breaks, and 
each part returns to a stable configuration of molecules. There 
may of course be intermediate stages of permanent set. This is 
of course a exude example. In other cases the negadem of the 
molecular arrangement leads, after a more or les diaodc 
penod, to a new one. Thus when ice near its’ meldng point is 
compressed, it first melts, that is to say the molecules lose their 
orderly arrangemm t, but at about 6000 atmospheres it pasKs 
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into anotlier sdUd Ibrm, ice-VI, in wlicli ihe m<^ecules are 
mote ^nsely padc»l tium an ke-L the wdl-known 

A heantiiul exanmle of a negated negation is feund in the 
modem geological tneory of the £>nnation of certain mountain 
rai^;es, such as the Alps. These occur in regions of folding 
where die earth’s crust, by cooliug or continental movement, is 
under lateral pressure. The jBrst effect of this pressure is to 
cause a downward folding, such as ocoirs, for example, off 
many of the coasts (ff the Pacific, where there are deep oceanic 
trot^hs. These ate filled with sediments which form rock. 
As t& folding progresses these sediments are brought again 
above sea level. Being lighter than the granite of which the 
continmts are largely composed, they can form compara- 
tively stable mountain ranges of considerable height, whereas 
a ran^ consisting of heavier rocks would gradually sink 
when the mountain-building forces no longer acted. Thus 
the downfold, or geosynclind, is transformed into its opposite, 
a mountain range. 

But the negation of the negation is most strikingly shown in 
the field of biology. The most primitive organisms merely 
grow and divide. If they break down the large molecules of 
meir bodies into smaller molecules which are excreted, this is a 
negation of their life process. But in the higher anjmals the 
breakdown of relatively large molecules, such as glycogen and 
adenosinetriphosphoric acid, is the immediate source of the 
energy of muscular movement, which enables them to get 
food which is quite unavailable to the simplest organisms. 
The negation of growth thus negates itself 

The evolutionary process depends on the struggle between 
variation and selection. As Engels pointed out, either may 
be taken as positive. However, the following treatment is 
perhaps the most consonant with modem biological ideas. 

* I have been ctiddlzed for vrrking dogmatically about “hypodietical” 
amngements of molecules. In a foU-Wale bocA 1 mi^t have summarized 
foeendenceoawhkli my statements are based. 1 can only remark 
dut it is much stranger thim was the evidence for foe Copemican theory in 
Newton’s time. Am as I have repeatefoy staked my lifo on foe sifo* 
standal correctness of molecalar foeory, I can daim that my thinking on it is 
‘^foMukd". 
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NomuUy like jroducB Eke, or neariy », wlKther ^ 
as mim <»i£ potato or genauum produces many vegetativety, 
or in sexual reproduction. More accurately, like responds 
to a nmilar oivironment. Some variation within pro^geary 

of a single organism or pair is mer^ due to die difioxnt 
r«p<mses of fimdamentally similar organisms to difiermt 
nurtures. Some, including sex differences in most species, is 
due to hyhridity, that is to say to the &ct that the original 
organism ccmsidcrcd, or one of diem, was formed by die 
union of germ-ceUs whose nuclei were unlike. But some 
variation is due to mutation, a radical change which may pro- 
duce entirely novel types, and which leads to hyhridity in later 
generations, and thus fomishes the raw material for all kinds 
of heritable variations. Mutation is hi foct the negation of 
heredity. The novel types produced by mutation very rarely 
prove fitter than the original type. So natural selection 
generally eliminates them, though occasionally one may 
spread through a species and transform it. The negation is 
usually negated. But this does not give os a uniform species, 
for many ^sadvantageous mutants are eliminated quite slowly. 
On the contrary, as Tsetverikov fint showed, and Dubinin and 
others, including Gordon, Philip, Spurway and Street in my 
own laboratory, have proved in greater detail, it leads to a state 
of afiairs where the species is permeated with small variations, 
more or less harmful one at a time, but sometipies beneficial in 
suitable combinations, or potentially useful if external condi- 
tions change. Fisher believes that the struggle between 
mutation and selection causes slow changes in a species which 
are not due to environmental pressure, and thus gives ah 
internal cause for evolution such as has been attributed to vital 
urges and the like. It certainly makes a species more variable 
and plastic than it would otherwise be. 

Evolution proceeds by the same method in many details. 
Every msqor change of environment negates the former 
nomial conditions of the organism. Thus when our fish 
ancestors came out of water they could not move quickly on 
land. They breathed with diffimty, saw badly, #cre sunjea 
to rapid temperature changes such as do not occur in wtuer, 
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. 9 tid[ s6 cm. It todc many million tears to n^ate diese negHf 
tions. They were negated fay die development of such organs 
as le^ and iot^, by Xurge changes in die eyes, and -finally by 
mechanisms for legdbning the temperature. Ibese, when they 
were perfeoed, enabled die maniunals and birds to colonize 
even dm arctic, and rendered many othor developments 
possible. Man has recoidy devdoped a large brain which, 
amcmg other dungs, has cramped his teeth and bent his nasal 
passages. The te^ and nose are among the weakest and most 
readily infected parts of our bodies. Natural selection is likely 
to negate this weakness in our remote descendants. 

Finally the n^adon of negation is extremely typical of the 
devdopment of scimdfic theory and practice. Here at least 
H^d was not standing on his head. His account of the dia- 
lecdc needs fin less modification in connection with human 
history than with nature. The dialectical devdopment of 
mathematics was described by Engds,* to whom readers are 
referred. At the end of the ipth century the atomic theory in 
chemistry was generally accepted, though Ostwald and a few 
other chemists stood out. But the number of atoms in a gram 
was uncortain witfadn a factor of a htmdred or more. Thm 
Thomson showed that electrons could be detached from atoms 
in a gas, and Rutherford found that atoms broke up. This 
negatra the atom as an “eternal brick”, but made it possible to 
count atoms with great accuracy, since individual electrons or 
atomic explosions produce efiects which are visible with a 
microscope. . 

We have seen how widely Marxist prindples arc applicable to 
modem science. Some sdentific worken admit this, but add 
that Marx and Ei^ds only formulated prindples which good 
scientists follow imtinctively. Even if this were the whole truth, 
their formulation wotild have been a very great step forward. 
But actually an individual scientist will ot^ turn out to be 
quite dialectical in his treatment of some particular problem, 
say tesonance energy or reflex action, but crasfly mechanistic 
or idealistic when dealing with other questions, indudit^ his 
own social and economk potitiem. • For this teastm every 
s DiaktHa cif Nature. 
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waentific w<aker mqSI be aided in bis wotk by a study oCswdt 
dassiics » Feueriadi, Antf-DSkriw, Dialect cf 
im and JEmpitio-mtidm, and duster 4 of the HiOarj ihe 
C.PS.U. (B). He must tememb^ tbat dbey must be stmiied 
not as etdnai truths, but in thdr bistoricu setting; not as 
dogmas, but as guides to action. If be does so he wiU not 
merely inmrove the quality of his research and teaching; he 
will md binxself no longer a mere individoai passively in- 
volved in the torrent of contemporary history, but actively 
engaged in changing society and shaping the world’s future. 


V. MATERIALISM AND ITS OPPONENTS 

We shall not be able to counter the arguments which 
philosophers and scientihe workers bring against materialism 
unless we imderstand not only their social origin but the 
considerable measure of truth behind them. Laiin* wrote 
that “Philosophical idealism is only nonsense from the stand- 
point of crude, simple, metaphysical materialism. On the 
other hand from the standpoint of dialectical materialism, 
philosophical idealism is a one-sided, exaggerated development 
of one of the features of knowledge into an absolute, divorced 
from matter. ...” 

In each generation the undialedtical materialists try to explain 
everything in terms of matter and motion described in terms 
which may be adequate for school physics, but are quite in- 
adequate even for the very abstract view of the world needed 
by ^ laboratory physicist. No wonder they are of little use 
to the biologist, and still less to the psychologist. The syllo^ 
ism of the mealisdc biologist runs, “Matter has the properties 
which were taught to me at sdiooL These properties v^ not 
eiicplain life, let alone mind. Therefore matter does not exi^ 
or at any rate there is a spiritual world independent'of matter.” 

I OnDiaktlki. 
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Became ilie fizst aad tiurd daoses ate wtrae, we must not 
fidget ditf Ae second is true. Many of the idealistic wtitinfs 
of ccmtemporary scientists (thiou^ not all) axe of real value as 
criticisiDS of ntCCTanistic materiamm. 

In die ancient Gredt wodd the class which was rising when 
philosophers began to study the world was a class of morchants. 
They required aridimetic for thdr calling, and it was natmal 
that Pyth^ioras, who, according to Aristoxenus, “was die first 
to devdop mathematics beyond the necessities of trade”, 
diould identify reality with number. The risitm bourgeoisie 
of (he seventeenth century were concerned with navigation, 
ballistics, and mining, especially the operations of lifting solids 
and jumping water. For Newton and his followers, including 
the philosophical school of Locke, matter had extension and 
mass, but its other properties, such as colour, taste and smell 
were “secondary” and illusory. The Newtonian or mechan- 
istic conception of nature only broke down within the sphere 
of physics after over two centuries, and still dominates scientific 
thinking because a post-Newtonian theoretical physics, in- 
cluding relativity and quantum mechanics, is only now being. 
fi:amed. 

We can get some idpa of what this physics will be like by 
studying the mathematical framework, which is the scafrblding, 
so to say, for die new buildup. The old Greek merchants 
had been largely concerned with the simplest possible relations 
between material objects which are symbolired by the word 
“and”. Number, weight, and bulk are additive. Two and 
three are five, two ships and three ships are five ships, two 
pounds and three pound^ are five pounds. Newtonian physics 
involved more comjdex relations. Thus die gravitations foree 
between two bodies is prcmortional to the product of their 
masses. The gravitationd force between a two-potmd weight 
and a dixee-pound weight is not five but six times the force 
betweoi two one-pound weights at the same distance. A 
particle was sopposra to be fully described by diree numbers 
rroresentii^ its positicHi in space, three more representing its 
vdockks in thrw perpendicular dixedions, and others repre- 
senting its mass, decttk durge, and so on. But for modem 
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quantum mechanics as cievdoped. Got ejeample, hf Dirac, a 
partide is lepresented by an dperator. An opecat(»r is a mathe- 
matkatl activity, an adverb, as k were, in the mathematkal 
langua^, which omverts (me function into another. Urns 

the operator ~ converts jf*1nto 2X, sin ac into <x)s x, and so on. 
ax 

The operator E ccmverts ** into (* + 1)*, sin * into sin (* + 1), 
and so (m. The action of die much more complicated 
operator rmresenting a particle on a function representing 
waves or vibrations gives the most accurate numerical predic- 
tions so €ax available as to how the particle will behave. The 
substitution for a self-existoit particle of something which 
can only be described in terms of its actions on other things is 
clearly a step in the direction of dialectical materialism. 

We cannot tell in detail what dhe new world picture will be 
like. As Lenin* put it: “It is, of course, absurd to say that 
materialism ever . . . professed a ‘mechanical’ picture of the 
world, and not an electro-ms^etic or some other, immeasur- 
ably more complex, picture of the world as matter in motion”. 

But w^can be sure that on the one hand it will fit the 
mathematical scheme which is now being developed, as the 
picture of the world in terms of indestructible particles with 
no properties but position, size, inertia, attraction and repulsion, 
fitted Newton’s and Laplace’s mathematical scheme. And we 
can be nearly sure that in doing so it will take account of 
qualities such as colour, sound and smell, which are “second- 
ary” and unreal for mechanistic materialism. It is noteworthy 
that just as Planck and Einstein showed that light behaved, not 
only as if it were composed of waves, but of particles, the 
Soviet physicist Frenkel has applied the same treatment to 
sopnd, some of whose properties are most readily calculated if 
it is regarded as consisting of particles which he calls phonons. 
Thus me new physics will not merely be more accurate 
quantitatively than the old. It will give a more ccmcrete 
account of me world, including many of die qualities vdikh, 
aixording to dialectical matexuilism, but not to idealism ox 
mechani^ materialism, really exist in the real world 
> Materkiism md En^kfi^rMcim. 



256 DlALECTICAt MATERIALISM 

Eddin^xm ku succeeded in making some dedocdoiu con« 
oeming me general niatute of physical systems, fermcample the 
ratio m the masses of a proton and an electron, from the frut 
that they ate capable of being es^rioaced, and draws the 
idealistic concltmon that their whole bdng consists in being 
experienced. Not all his colleagues agree with his deductions; 
but even if tbey are correct, the capacity of matter for acting on 
our sense organs, and thus bdng experioiced, is only one of 
its physical properties, and Eddbgton might as well hkve 
started off from one of the others. If men were immaterial 
souls somdiow watching the external world through the sense 
organs, we should haye no guarantee that matter was at all like 
our perceptions of it But actually we have acquaintance with 
matter in two diffrrent ways besides direct perception throt^h 
the sense organs. As Marx never tired of pointing out, we 
act on it as well as perceiving it In so as our actions are 
successful, this guarantees that our perceptions are not illusory, 
at least in some respects. 

We have also a third source of information. If our brains 
think and frel, then every fact about human consciousness is a 
fret about matter, namely the matter of our brains. True, we 
do not perceive our brains directly, but we learn frets about 
them which we could never learn by direct perception. We 
learn that some material systems can feel, think, and will. 
Now this fact has been the basis of two distorted views which 
are sometimes held by the same person. One is idealism, the 
theory that frelmg, thought and will are the reality of which 
matter is the appearance. If our sensation and ideas are images 
of matter, it follows that matter is like them. If your photo- 
graph is like you, you are like your photograph. Similarly, 
some relations betw^n materiu objects or events are like 
thought, aitd force is like will. 

The question is, which is the model and which the copy? 
Modem frdlowers of Madi, such as Carnap, say (hat the 
question is meaningless; the world can be “logically con- 
structed”, taking eitho’ matter or mind as primary. If Catnap 
were an otenud being, die only one of his kin4 he would be 
right. But Marx and Bogds first saw that the questitm can 
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only be amwo^ed cm soda! and hiscodcal 0oaii4s. Ifyonane 
in doubt wbidi of two things is a niodd and whidi a copy, 
find ottt udiich was there first. Matter was tfiere bdbre mcfi 
or any higher animals, probably before life at alL Hence 
matter is tw modd, and mental events the copy. And braace 
the extreme philosophical importance of evolution, of which, 
by the way, an account could only be givoi when the develops 
ment of mines and canals had revealed the fossil record. 

The other distortion, mysticism, which is assodated with 
some forms of idealism, is the theory that important informa- 
tion about the universe can be gained without any sense im-r 
pressions, after withdrawing the mind firom the external world 
by ritual, meditation, or chemical substances such as nitrous 
dxide. This is opposed to the view that “there is nothing in 
the intellect which was not first in a sensation”. Historically 
mystics have generally begun by intuitions of the truth of some 
religion. But the greater mystics have often stated that the 
God with whom they claimed unity was not a person. In fiict 
many of them were more than half-way to atheism, and some 
Buddhist mystics have been complete athdsts. Mystical ex- 
perience is a fact, but it is pritnarify a feet about the brain. It 
may give some information about the universe, but this in- 
formation will be even further fi'om the truth than that of our 
senses. Our senses tell us that the sun goes up and down every 
day, that mustard is hot, that a stick thrust into water is bent, 
and so on. Mystical experience is still more feiladous. The 
theories based on it are sterile flowers, as Lenin said. But they 
are rooted in reality. The reality behind mystical experience 
is perhaps the perception of a unity which may have been a 
commoimlace for a member of a primitive tribe, and will 
perhaps be equally obvious to a member of the Communist 
world sodety of the future, but which even members of the 
Scxialist sodety of the U.S.S.R. can only grasp in part. In a 
class sodety t^ reality can only be expressed in a highly 
mythological form. 

Thus a radical,, dialectical, materialist need not, and indeed 
must not, neglect any parts of human experienee. On the 
other hand, imtil the physiology of the brain has been 
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devdbped a great deal fiirdier, die account of 

consdoumess must be extremdiy sketchy, and Marxism wiH be 
mainly useful in desaibing its sodal rdadom rather than its 
l^ysical basis. ^ 

It is important to refute the widdy held view that idealism 
makes for good conduct. The mord implications of idealism 
were, I bdWe, stated once for all in d Little Boy Lost^ by 
William Blake: 

Nought loves another as itself, 

Nor venerate another so, 

Nor is it possible to thought 
A greater than itself to know. 

Idealists all agree with the last two lines. How nearly they 
agree with the first two is shown by their attempts to justify 
virtue by explaining that I am “really” identi^ wim my 
neighbour, generally because both of us are identical with God 
or me Absohite. Idealists can, of course, be virtuous; but their 
idealism often helps them to die comfortable belief that other 
people’s sufferings are not real; and they cannot reach the peak 
of virtue of a materialist who deliberately gives up his or her 
life, without hope of a future life, for a great cause, as hundreds 
of thousands of materialists are doing today in the Soviet 
Union. 

Above all idealism is dangerous in the political field, where 
it leads to the libend belief that good intentions will make an 
out-of-date economic and political system work, and the 
anarchist belief ' that they are enough without any political 
system at all. To combat idealism we must understand its 
strong points as well as its weak ones, and be able to explain 
to idealists that dialectical materialism embodies the really 
valuable and firuitful elements in their philosophy. 
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